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Lower Power, Higher Performance 

I^A, 1.8V, Zero-Crossover Op Amp 




The 0PA369 precision amplifier from Texas Instruments is the industry's lowest power zero-crossover op amp. Featuring 
a unique single input stage architecture, the device achieves rail-to-rail performance without input crossover With IpA 
quiescent current, SC70 package and operation down to 1.8V, the 0PA369 enables higher performance and simplifies 
designs in portable, battery-powered applications. 
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Access to more than 

a million products now Quality Electronic Components, Superior Service 

available online! 



Same-day shipment, next-day delivery 
on orders entered by 8:00 PM CST. 

*New product added daily. 
© 2007 Digi-Key Corporation 



www.digilcey.com 

1.800.344.4539 

701 Brooks Ave. South • Thief River Falls, MN 56701 • USA 



Leadership above all... 




Xi 



ilinx brings your biggest ideas to reality: 




FREE 



I Connectivity Seminars 



Get in-depth training from industry experts on tine latest serial 
connectivity tools and solutions. 

• PCI Express® 

• 1G and 10G Ethernet 

• Serial design, protocol testing, signal integrity, 
power management, device drivers & more 

:>S AgilentTechnologies QrapR!^ JT^MM 



JUNGO 



Register Now! 

www.xilinx.com/serialsemindr 



Virtex ^-5 FPGAs — Highest Performance. With multiple platforms 
optimized for logic, serial connectivity, DSP, and embedded process- 
ing, Virtex-5 FPGAs lead the industry in performance and density. 

Spartan "'-3 Generation FPGAs — Lowest Cost A unique balance 
of features and price for high-volume applications. Multiple 
platforms allow you to choose the lowest cost device to fit your 
specific needs. 

CoolRunner'^'-ll CPLDs — Lowest Power. Unbeatable for low-power 
and handheld applications, CoolRunner-ll CPLDs deliver more for 
the money than any other competitive device. 

/SF" Software — Ease-of-Design. With SmartCompile™ technology, 
users can achieve up to 6X faster runtimes, while preserving 
timing and implementation. Highest performance in the fastest 
time — the #1 choice of designers worldwide. 

Visit our website today, and find out why Xilinx products are 
world renowned for leadership . . . above all. 



fl XILINX* 

www.xilinx.com 



At the Heart of Innovation 



©2007 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners. 



CAN Transceivers 

Versatile, Low-Power, 3-V and 5-V Solutions 




Applications 

- Industrial automation 

- Low-power battery applications 

- DeviceNetCANopen, Safety BUS 

- SAE J1939 truck, bus, construction interface 

- NMEA 2000 and SeaTalk2 Marine interface 

- ISOBUS IS01 1783 agricultural interface 

Features 

- Industry-leading ESD on bus pins delivers 
reliability in harsh environments 

- 5|jA standby mode w/remote wake-up for battery 
applications or nodes that can be powered down 

- Autobaud loopback function allows glitch-free 
insertion into a live bus with an unknown baud rate 



Q 



HIGH-PERFORMANCE ANALOG 




Texas Instruments has a portfolio of CAN transceivers that will meet your standards and exceed your expectations 
regardless of your design concerns - ESD, power consumption, EMI immunity or bus leakage. Our 3-V and 5-V 
transceivers are drop-in upgrades for new or existing designs with capabilities like autobaud loopback, sleep-mode 
standby and bus monitoring w/remote wake-up. 



Device 


I/O and 
Levels (V) 


Short-Circuit 
Protection 
(V) 


ESD 

(kV) 


Supply 
Current 
(mA) 


Stand-By 
Current 

(mA) 


Features 


SN65HVD230 


3 


^to +16 


16 


17 


370 


Low-Power Standby 


SN65HVD231 


3 


-4to+16 


16 


17 


0.04 Sleep 


Ultra-Low-Power Sleep 


SN65HVD232 


3 


^to+16 


16 


17 


NA 


Economical 


SN65HVD233 


3 


-36 to +36 


16 


6 


200 


Standby, Diagnostic Loopback 


SN65HVD234 


3 


-36 to +36 


16 


6 


200/0.05 Sleep 


Standby, Ultra-Low-Power Sleep 


SN65HVD235 


3 


-36 to +36 


16 


6 


200 


Autobaud Loopback; Standby 


SN65HVD251 


5 


-36 to +36 


14 


14 


<275 


Low-Power Standby 


SN65HVD1040 


5 


-27 to +40 


12 


10 


5 


Low-Power Standby with Bus 
Wake-Up, Dominant Time-Out 


SN65HVD1050 


5 


-27 to +40 


8 


6 


NA 


Listen-Only Mode, Dominant Time-Out 



Parts shown in red are newly released 

High-Performance Analog » Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1900A0 © 2007 Tl 



For samples, simulation 
models and reference 
design demo, visit » 
www.ti.com/cantransceivers 
800.477.8924, ext 14006 
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RGB LED Driver Generates Highly Efficient 
"True Wliite " Bacl<lighting 



LP5520 Provides Innovative, Easy-to-Use, Instant Color Gamut Improvement for 
SmaM Format Displays 

Typical Application Diagram 




Key Features 

• Temperature compensated LED intensity and color 

• Individual calibration coefficients for each color 

• Color accuracy AX and AY < 0.003 



100% NTSC color gamut, brighter color, better picture quality 
User programmability for effects, aging, dimming 
PWM control inputs for each color 





Product 


Description 


Packaging 




)LP5520 


RGB Backlighting LED driver with integrated white balance compensation 


microSMD-25 


(0 


^LP5521 


Programmable, low power, 3-channel LED driver 


microSMD-20, LLP-24 


(0 


)LP5522 


Autonomous single LED controller with one wire interface 


microSMD-6 




LP5526 


Lighting Management Unit with high voltage boost converter with up to 150 mA serial flash LED driver 


microSMD-25 




LP5527 


LED driver for camera flash and 4 LEDs with PC programmability, LED connectivity, test, and 
audio synchronization 


microSMD-30 


(0 


>LP55281 


13 channel LED driver with audio sync, LED connectivity test and independent PWMS/PWMS 
blinking cycles 


microSMD-36 



Ideal for navigation systems, mobile phones, medical devices, and other portable devices 



For FREE samples, datasheets, and more 
information on the LP5520, contact us today at: 



led.national.com 



Or call: 1-800-272-9959 
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Semiconductor 

The Sight & Sound of Information 



National Semiconductor Corporation, 2007. National Semiconductor and ()i are registered trademarks of National Semiconductor Corporation. All rights reserved. 




How low can you go? 
A look at 45-nm-IC- 
design challenges 

^\ If you have tools for 
r^^the 65-nm or even 
\^ v^the 90-nm node, mov- 
ing to the 45-nnn node requires 
no retooling. But designers mov- 
ing to this node must adopt some 
advanced design techniques and 
be aware of some new design 
rules that foundries have imposed 
to ensure that SOC designs yield 
acceptable results. 
by Michael Santarini, Senior Editor 



Permanent-magnet 
motors boost 
efficiency and 
power density 

Sensorless versions 
J / of these highly effi- 
I cient motors reduce 
cost and parts count, but the 
motors still require complex con- 
trol algorithms. Match the right 
motor type and controller to your 
application for the best perform- 
ance and cost. 

by Margery Conner, 
Technical Editor 
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Distributed linear 
regulators increase 
output current and 
spread the heat 

A Parallel-board layout 
I and heat spreading 
V-^ I provide designers new 
ways to use linear regulators 
in all-surface-mount approaches. 
These techniques work well 
in today's high-performance, 
high-density PCBs. 

by Robert Dobkin, 
Linear Technology Corp 




CPLD's internal oscillator performs autocalibration 
Swapping bits improves performance of FPGA-PWM counter 
Relays eliminate high-voltage noise 
VHDL program enables PCI-bus-arbiter core 
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Applications 

- Digital media systems (audio/video) 
-IP-STB/TV/phone 

-Streaming media (DVD-P/R) 

- GPS receivers 

- Portable media and printers 

-Tl DSP, OMAP™ and DaVinci™ media processors 

Features 

- 1.8V, 2.5V and 3.3V I/O 

- 1 to 4 PLLs 

- Spread Spectrum Clocking (SSC) reduces affects of EMI 

- PC and EEPROM programmability 

- On-chip Voltage Controlled Crystal Oscillator (VCXO) 

- 14", 16", 20- and 24-pin TSSOP 



HIGH-PERFORMANCE ANALOG 




Texas Instruments produces a portfolio of low-power, low-jitter, programmable clock generators capable of generating up to nine 
output clocks from a single input frequency - each output is programmable in-system for any clock frequency up to 230MHz. This 
level of functionality provides the system designer with capabilities previously unavailable in clock/timing products. 



Device 


Supply Voltage (V) 


I/O Voltage (V) 


#of PLL 


# of Outputs 


Output Frequency (MHz) 


Temperature Range (°C) 


Package (TSSOP) 


CDCE949 


1.8 


2.5/3.3 


4 


9 


230 


-40 to +85 


24 


CDCE937 


1.8 


2.5/3.3 


3 


7 


230 


-40 to +85 


20 


CDCE925 


1.8 


2.5/3.3 


2 


5 


230 


-40 to +85 


16 


CDCE913 


1.8 


2.5/3.3 


1 


3 


230 


-40 to +85 


14 


CDCEL949 


1.8 


1.8 


4 


9 


230 


-40 to +85 


24 


CDCEL937 


1.8 


1.8 


3 


7 


230 


-40 to +85 


20 


CDCEL925 


1.8 


1.8 


2 


5 


230 


-40 to +85 


16 


CDCEL913 


1.8 


1.8 


1 


3 


230 


-40 to +85 


14 



Part shown in red is newly released 



For samples, evaluation modules, visit» 
www.ti.com/programmableclocks 
800.477.8924, ext. 13971 




OMAP, DaVinci, High-Performance Analog » Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 901 AO ©2007 Tl 
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LeCroy invites you to 
unusual events. 





aveScari"" 
Advanced 
Search & 
nalysis 




More tools. Better tools. The right tools. 



WaveScan, a powerful new tool only for LeCroy oscilloscopes, continuously 
monitors live acquisitions for unusual events - even if you're not there. 
Select from more than 20 search criteria, including frequency, rise time, 
runt, and duty cycle. WaveScan also locates rare occurrences in a 
single capture, or even a saved waveform and marks events for 
quick identification. Debug faster. It's that simple. 




2007 FINALIST 



EDN Magazine has included LeCroy's WaveRunner® Xi and 
WaveSurfer® Xs with WaveScan in it's 'Hot WO Products' list. 
WaveScan is also an EDN 2007 Innovation Award Finalist. 




www.lecroy.com 
Keyword: unusualevents 
1-800-5-LeCroy 
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Check out these Web-exclusive articles: 

Hybrid cabling combines 
low-cost, versatility 

Hybrid cabling uses the principal advan- 
tages of point-to-point wiring and systems 
cabling, while minimizing the weaknesses 
of each. 

- www.edn.com/article/CA64691 97 

Designing an efficient power inductor 
for mobile-computing applications 

' www.edn.com/article/CA6468654 

End-user realities impact chip architec- 
ture in the video-surveillance market 

^www.edn.com/07091 3toc1 

WiiConnect: Make sure your wireless 
channel's correct 

www.edn.com/0709 1 3toc2 

United States versus Asia: Education, 
Gordon Moore, and Star Trek 

-> www.edn.com/0709 1 3toc3 



Kenet 12- and 14-bit ADCs: 
Specs show real breakthroughs 

www.edn.com/070913toc4 



Pow! Crack! Kablam! Clash 

of the digicam image-sensor titans 

- www.edn.com/070913toc5 

China is not the problem 
(Companies that outsource are) 

www.edn.com/0709 1 3toc6 



Smart, small fan controllers and 
temperature monitors support PCs, 
embedded systems 

-^www.edn.com/article/CA6471 149 




READERS' CHOICE 

A selection of recent articles receiving 
high traffic on www.edn.com. 



Prying Eyes: Inside Apple's iPhone 

See which ICs Apple's engineers selected, 
and ponder the architecture decisions that 
hint at future iPhone generations. 
www.edn.com/article/CA6463808 



Researchers debut paperlike 
battery device 

www.edn.com/article/CA6468724 



Applying solenoids: 

Flying blind is not recommended 

www.edn.com/article/CA6462567 



64-core processor tip of the multicore 
iceberg for start-up Tilera 

^www.edn.com/article/CA64701 08 

Home transportation: benchmarking 
power line, 802.1 1 , and Ethernet 

www.edn.com/article/CA6462560 

Can anyone get chip design right 
the first time? 

^ www.edn.com/article/CA6467367 



A digital picture frame is worth 
1 000 words 

www.edn.com/article/CA6462566 
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^www.edn.com/article/CA64671 97 
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FROM EDM's BLOGS 

Near-invisible user interface 
improvements 

From Embedded Processing, 
by Robert Cravotta 

For the increasing number of end products 
that supports software updates, the need 
to continue to improve the inner and invis- 
ible workings of a user interface can spell 
the difference between sustainable 
success and losing out to a competitor. 
www.edn.com/07091 3toc1 2 



A FEAST OF FEEDS 

EDN offers a range of RSS feeds. 
Whether you choose to subscribe to 
the "everything" feed, a feed for a spe- 
cific design discipline, or a feed for a 
blog, you get the latest from EDN as 
soon as we publish it. 
www.edn.com/rss 
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EDM's Part Search, powered by 
SupplyFrame, provides the latest pro- 
duction prices, products specs, avail- 
ability information, and leadtimes. Use 
this new tool for cross-referencing, 
getting instant quotes, and connecting 
quickly with authorized distributors. 
www.edn.com/partsearch 
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E D N . C O M M E N T 




BY MAURY WRIGHT, EDITORIAL DIRECTOR 



PCB prototypes add value 
in the design process 

I spend a good portion of my time meeting with companies in the 
EOEM (electronics-original-equipment-manufacturing) market, and 
most of those meetings are with semiconductor vendors due to the 
vast number of such companies. But on a recent trip to the North- 
west, I spent time with some different types of companies — two of 
which are involved in the prototype-PCB (printed-circuit-board) 
area. The meetings got me thinking about how engineers use prototype 



PCBs in the design process. I'll offer 
up a few things I heard. I'm also hop- 
ing that you will respond in the Feed- 
back Loop comment section located 
alongside the online version of this ar- 
ticle and tell us and your fellow read- 
ers how you use prototype PCBs. 

First, I met with LPKF Laser & 
Electronics (www.lpkfusa.com). LP- 
KF makes equipment that allows de- 
sign engineers to quickly make their 
own prototype PCBs. A number of 
years ago, EDN ran a feature on this 
technology that you might find in- 
teresting: See www.edn.com/article/ 
CA45861. LPKF offers computer-con- 
troller PCB plotters along with mill- 
ing machines and plating systems. 
For as little as $10,000, you can buy 
the gear you need to build PCB pro- 
totypes, although the price can esca- 
late based on your needs for multilay- 
er and SMT (surface-mount- technol- 
ogy) support. The company even of- 
fers laser-based plotters for small pro- 
duction runs. 

LPKF President Stephan Schmidt 
claims that design engineers drive the 
purchase of most of the company's 
systems due to the need for building 
prototypes during the design process. 
Schmidt doesn't suggest that tech- 



I would have 
guessed that most 
designers order- 
ing prototype PCBs 
would not order the 
PCB in the target- 
system form factor. 



niques such as simulation aren't valu- 
able. But he claims that designers of- 
ten yield higher quality and better 
performing systems when they can do 
a series of prototypes to test the sys- 
tem architecture and design. 

Even if you don't have an immediate 
need for a prototyping system in your 
lab, you might still want to request a 
copy of the LPKF catalog. In the back 
of the catalog, the company offers a 
technical guide on PCB manufactur- 
ing. Although the catalog presents the 
information relative to LPKF prod- 
ucts, there is also good general infor- 
mation, including sections on design 
for microwave and RF systems and on 
SMT designs. LPKF is also worthy of 
praise for its efforts to encourage engi- 
neering education. The company pro- 



vides refurbished gear to high-school 
pre-engineering programs. 

Later in my trip, I met with Sun- 
stone Circuits (www.sunstone.com), 
a manufacturer that specializes in pro- 
totype PCBs. Originally, Sunstone 
was in the production-PCB business, 
but almost all of the production-PCB 
business has moved to Asia. Sunstone 
allows designers to specify and or- 
der PCBs online and often can deliv- 
er products in two days. The company 
also offers free PCB-design software. 

I would have guessed that most 
designers ordering prototype PCBs 
would not order the PCB in the tar- 
get-system form factor. I'm accus- 
tomed to seeing reference designs and 
development boards with extra con- 
nections that offer access to intercon- 
nects between chips and to test ports. 
But Sunstone claims that 80 to 90% 
of its orders are in the target-system 
form factor. Rocky Catt, Sunstone 's 
executive vice president and chief op- 
erating officer, claims that some de- 
signers will build prototype PCBs with 
more layers than the production board 
will use. For the prototype, the design- 
er might rely on an autorouted layout 
that could lead to extra layers, where- 
as for the production board, the de- 
signer will hand-optimize the board to 
minimize the number of layers. 

How do you use prototypes? Do 
you prototype only challenging parts 
of a system design? Do you iterative- 
ly build prototype PCBs to tune a de- 
sign? How should EDN cover PCB 
design? Are we delivering information 
you need? You can certainly e-mail me 
or call me with answers, but by post- 
ing your comments online, your fel- 
low readers can benefit from your 
thoughts as well.EDN 

Contact me at mgwright@edn.com. 



AT EDN.COM 



\±} Go to www.edn.com/070913ed 
and click on Feedback Loop to post 
a comment on this coiumn. 
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PAIRCHII.D 



SEMICONDUCTOR'S 



Maximize energy efficiency 
in every DC-DC design. 




Here is a selection of our integrated 
DC-DC solutions: 





Part Number^ 




Integrated Switching 
Regulators (Controller + 
Drivers + MOSFETs) 


FAN2106 
FAN5350 


• Up to 95% efficiency 

• Small, ultra-thin package (MLP and CSP) 


Power Controllers 
(Controller + Drivers) 


FAN6520 


• Drives N-Channel MOSFETs in a synchronous 
buck topology 

* Output voltage range as low as 0.8V to V||^ 


Power Drivers (FET plus 
Driver Multi-Chip Module) 


FDMF8704 
FDMF6700 


* >85% efficiency 

* Optimal synchronous buck power stage 
DrMOS solutions 

* Unique MLP 6x6 package 


Integrated MOSFETs 
(multiple MOSFETs 
in one package) 


FDMS9600 
FDMS9620 


• 50% board space savings versus 
discrete solution 

• Ease of layout in PCB design 

• Optimized matching and sizing of MOSFETs 
(>92% efficiency) 

• MLP 5x6 package 



*These products represent a small sampling of Faircfiild's DC-DC portfolio. 



Choose your DC-DC functions, 
performance, size and energy savings 

No one offers more efficient DC-DC options than 
Fairchild. We combine perfectly matched power analog 
and discrete components with advanced packaging and 
power expertise for the industry's leading energy-saving 
portfolio. You can choose the optimum combination of 
controller, drivers and MOSFETs in a wide range of 
performance and size specifications. 

Whatever your system performance and time-to-market 
needs may be, Fairchild has your ideal DC-DC solutions. 



Learn more about all of our DC-DC solutions — including 
PWM controllers, voltage regulators and MOSFETs — at 
www.fairchildsemi.com/dcdc. 
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TEIVI 

^^S^ APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN 



SfemWER INTEGRITY 



ASIA • NORTH AMERICA • EUROPE 
SEPTEMBER 12 - NOVEMBER 15, 2007 

Join US for First-Pass System Success, 
Ansoft's technical application worl<- 
shops for high-performance 
electronic design. 




Explore design techniques and simulation technologies for IC, packaging, RF & microwave, 
system signal integrity, system-level EMI, low power and much more. 

Discover how to design systems that integrate RF/Analog/Digital SoC solutions with memory, 
graphics, storage, antennas, displays, cameras, and MP3 players. 

Learn how to integrate electromagnetic components, power electronic circuits, and controllers 
into high-performance electromechanical systems. 

Discuss with industry leaders how to achieve first-pass system success! 
Get more information and register online: ansoft.com/firstpass 
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Nl CompactDAQ 

USB Data Acquisition 
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30 modules 

New Nl LabVIEW 
data-logging software 
included 

Hi-Speed USB for up to 
6.4 MS/s streaming I/O 

Compact 25 by 9 by 9 cm 
form factor 
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Agilent 33220A Function Generator 





W 33220A 


IP 33250A % 




20 MHz Sine & Square 


80 MHz Sine & Square 


Basic Waveforms 


1 1 Built-in Low Distortion 


Pulse 


Variable Edge 5 MHz 


Variable Edge 50 MHz 


Arbitrary Waveforms 


14-bits, 64K points 


12-bits, 64K points 


Modulation 

(Internal / External) 


AM,FM,PM,FSK&PWM 


AM,FM&FSK H 


Open Connectivity 


USB, GPIB& LAN 


GPIB&RS232 


Price (USD, Subject to change) $1,853.00 fgrn 


^ $4,553.00 



800-225-5370 

Supply & Services www.stanleysupplyservices.com/FuncGen 

U.S. 1-800-829-4444 

Canada 1-877-894-4414 

www.agilent.com/find/functiongens2 



For waveform generation, more people turn to Agilent 
than anyone else. 

The Agilent 33220A and 33250A produce almost any 
kind of waveform you can imagine. You'll have built-in 
modulation, sweep, and burst capabilities. You'll be able 
to generate pulses and create arbitrary waveforms using 
up to 64K points of memory. With this much functionality, 
the possibilities are endless. 

Agilent function generators come with free IntuiLink 
software and industry standard I/O connectivity for 
your PC. Built for both R&D and manufacturing use, 
the 33220A and 33250A add value to every stage of the 
design cycle. 

To learn more, go to www.agilent.com/find/functiongens2 
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INNOVATIONS & INNOVATORS 

USB-powered RF-power sensor combines 
most measurement functions 



Agilent Technologies has 
announced the U2000 
Series of USB-based 
9-kHz to 24-GHz power sen- 
sors, which are smaller, lighter, 
and less expensive than typi- 
cal power meters and similar 
power-sensing instrumenta- 
tion. Because the new sensors 
operate without power meters 
or extra hardware modules, 
they save bench space and 

SWith the 
rising need 
for multiple- 
channel power 
measurements 
in various in- 
dustries, these 
power sensors 
are the afford- 
able, simple 
solution that our 
customers have 
requested." 

simplify RF-power measure- 
ments in crowded work areas. 
The sensors work with a vari- 
ety of Agilent spectrum analyz- 
ers and network analyzers and 
thus extend those instruments' 
abilities to make accurate aver- 
age-power measurements. In 
addition to fast and easy setup 



with plug-and-play USB con 
nectivity the sensors, in combi- 
nation with the N 1 9 1 8A Pow- 
er Analysis Manager software, 
also simplify monitoring and 
troubleshooting. Because the 
USB-powered sensors provide 
built-in triggering, they require 
no external power adapters 
or triggering modules for syn- 
chronization with external in- 
struments or events. 

"The USB sensors' ability to 
operate without a power meter 
marks a breakthrough in our 
offerings for power measure- 
ments," says Ee Huei Sin, vice 
president and general man- 
ager of Agilent's Basic Instru- 
ments Division. "With the rising 
need for multiple-channel pow- 
er measurements in various in- 
dustries, these power sensors 
are the affordable, simple so- 
lution that our customers have 
requested." 

According to Gooi Soon 
Chai, vice president and gen- 
eral manager of Agilent's Elec- 
tronic Instruments Business 
Unit, the highly portable units 
demonstrate Agilent's com- 
mitment to providing afford- 
able, reliable, and continually 
improved test-and-measure- 
ment products. The series in- 
cludes four models that deliver 
as many as 250 readings/sec 
and a -60 to +20-dBm pow- 
er range. Each sensor includes 




The U2000 Series USB-powered RF-power sensors are small, 
fast, light, and-except for the results display, which you see on 
a host computer-complete. The single small module replaces a 
conventional sensor and a power meter. With a conventional sen- 
sor, the meter not only displays the measurement results, but also 
supplies power to the sensor and conditions the sensor's output. 



a high-speed USB 2.0 inter- 
face for simple, quick setup. 
With internal zeroing capabil- 
ity calibration does not require 
disconnecting the sensor from 
the device under test, hence 
reducing test time and sensor 
wear and tear. 

With the N1918A Power 
Analysis Manager software, 
the sensors display power- 
measurement results on a PC 
or another appropriate instru- 



ment. In addition to the normal 
waveform-monitoring option, 
the software eases monitoring 
and troubleshooting through 
functions such as limit and 
alert settings, record and play- 
back, multiple-list view, over- 
lay and channel mathematics. 
Prices starts at $2300. 

-by Dan Strassberg 
Agilent Technologies, 
www.ag i lent.com/fi nd/ 
usbsensor_pr. 



O FEEDBACK LOOP 

"Surface-mount jacks make no 
sense. I've resoldered my share 
(and not because I'm careless). All 
it takes is a drop with the plug still 
in, and buh-bye to connection." 

—Reader Dan Kingsbury speaks out, in EDM's Feedback Loop, 
at www.edn.conn/article/CA6447234. Add your comments. 
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Video-codec cores offer programmability T^histies tor excellent picture 

I J quality, you can slow down the 



As more and more devic- 
es-from cell phones to 
surveillance cameras to 
robots-require video capture, 
video codecs are becoming al- 
most standard building blocks 
for SOCs (systems on chips). 
Given the complexity of the 
computing tasks involved, this 
area might appear to be one 
in which specialized hardware 
will reign unchallenged. But 
an Aug 13 introduction from 
ARC International disputes 
that idea. 

ARC, a long-standing vendor 
of customizable RISC cores, 
has argued for years that 
properly augmenting a RISC 
core with SIMD (single-in- 
struction/multiple-data) ex- 
ecution engines enables that 



core to handle tasks well 
beyond the range of a CPU 
alone. The company supports 
this argument with a family 
of-for now-five video-codec 
subsystems, each comprising 
an ARC 700 RISC core, one 
or more SIMD units, and spe- 
cialized hardware. 

The advantage of putting 
the heavy-lifting burden on- 
to programmable hardware 
is flexibility. These new ARC 
VRaptor cores come with sup- 
porting software for H.263, 
H.264,MPEG-4,JPEG,VC-1, 
and a variety of other codecs. 
They are adaptable to cus- 
tom applications, such as the 
H.264/video-analytics blends 
that are starting to find use in 
video surveillance. The disad- 



vantage of the programmable 
approach, traditionally, has 
been high power consumption 
for relatively low performance. 
And, although advanced pro- 
cesses and aggressive power 
management have to some 
degree mitigated this prob- 
lem, physics issues remain. 
Accordingly, high-end perfor- 
mance for the cores in this 
family is H.264 Base Profile, 
D1 -resolution encoding at 30 
frames/sec. 

You must use this bench- 
mark with some care, how- 
ever, because you can speed 
things up in a software-driven 
codec by disabling procedures 
that improve picture quality or 
reduce bit rate. Conversely if 
you turn on all the bells and 



128-BIT 
SIMD MICROPROCESSOR 1 



128-BIT 
SIMD MICROPROCESSOR 2 
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VRaptor combines an ARC RISC core with both programmable and fixed-function units. 
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encoder operation. And power 
increases with clock frequency 
and activity so the more bells 
and whistles, the more milli- 
watts the system consumes. 
For this and other reasons, 
ARC quotes power-consump- 
tion figures only under a non- 
disclosure agreement. 

The underlying hardware for 
the high-end core includes a 
700-series RISC CPU core, 
local memory a sophisticated 
DMA arrangement, two SIMD 
units, and special hardware 
blocks for motion encoding 
and for entropy encoding and 
decoding. The SIMD units are 
extensions of ARC's standard 
SIMD engine, with additional 
instructions for dealing with 
video-processing tasks. The 
specialized units are dedicat- 
ed hardware blocks with some 
degree of programmability to 
accommodate differences in 
codec requirements. In opera- 
tion, the RISC core handles 
sequencing and control, and 
the SIMD engines take on the 
high-bandwidth tasks, such as 
pixel-level transforms and de- 
blocking. 

ARC estimates that the high- 
end 417V core will be slightly 
larger than 10 mm^, including 
all internal-RAM structures, in 
TSMC's (Taiwan Semiconduc- 
tor Manufacturing Co, www. 
tsmc.com) 130g process, us- 
ing Cadence's (www.cadence. 
com) layout flow and Virage 
Logic (www.viragelogic.com) li- 
braries. Engineers have exten- 
sively simulated the cores and 
verified them in FPGA emula- 
tion, and they are available now. 
For more on these products, 
see "Video codecs in software: 
some reflections on program- 
mable-hardware approaches," 
www.edn.com/07091 3p1 . 

-by Ron Wilson 
>ARC, www.arc.com. 
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BUILT TO 
LAST 

Fanless EBX 733IVIHz P3 
with COM, dual ENET, 
USB and Video 



VIA 733MHz or IGHz C3 CPU 

PC-compatible, supports Windows® 

XP, CE, Linux and x86 RTOS 

Up to 512MB PC133 SDRAM 

Up 1GB bootable DOC®, 512KB 

SRAM, or 1MB EPROM 

Type I and II CompactFlash cards 

supported up to 8GB 

CRT, flat panel, and LVDS 

Two 10/100 Ethernet controllers 

Four USB ports 

Four serial COM ports 

LPT, Kybd, and mouse 

48 bi-directional 1/ O lines 

Two FIDE and one floppy disk 

controller 

AC97 Audio supported 

PC/104 & FC/104-Plus expansion 

+5 volt only operation 

EBX size: 5.75" x 8.0" 

(146 mm x 203 mm) 

-40° to +85°C operation (733MHz) 

Quick Start Developers Kits for 

Windows® XP, CE, and Linux 

Immediate availability 



The EBC-C3 embeds 9 different functions to 
provide a processor- and I/O-intensive solution. 
It operates over a -40° to +85° C temperature 
range without the need of a fan, making it ideal 
for embedded applications such as robotics, 
MIL /COTS, transportation, pipeline, and 
machine control. 

It runs Windows® CE, Windows® XP embedded, 
Linux, and other operating systems as VxWorks 
and QNX. And its x86-PC software compatibility 
assures a wide range of tools to aid in your appli- 
cation's program development and checkout. 




Call 817-274-7553 or 

Visit www.winsystems.com 

Ask about our 30-day 
product evaluation! 
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715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
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Cadence and Mentor create free, 
open-source SystemVerilog methodology 



In an effort fo make if easier 
for users fo creafe inferop- 
erable SysfemVerilog verifi- 
cafion flows, Cadence Design 
Sysfems and Menfor Graph- 
ics have joinfly creafed and 
are announcing fhaf fhey will 
sfandardize on fhe free, open- 
source OVM (Open Verifica- 
fion Mefhodology). Sfeve Gla- 
ser, corporafe vice presidenf of 
markefing in fhe verificafion di- 
vision af Cadence, and Dennis 
Brophy di reef or of sfrafegic- 
business developmenf af Men- 
for, say fhaf each EDA vendor 
offering SysfemVerilog simula- 
fion flows has so far developed 
ifs own guidelines. Users musf 
adopf fhese guidelines fo de- 
velop verificafion IP (infellec- 
fual properfy) for fheir flows. 
Menfor has offered fhe AVM 
(Advanced Verificafion Mefh- 
odology), and Menfor has of- 
fered fhe UVM (Unified Verifi- 
cafion Mefhodology). 

"Ourcusfomers have noficed 
fhaf weVe confinued down fhis 
pafh of using our own propri- 
efary company-cenfric mefh- 
odologies because fhey have 
fo supporf N number of ways 
of doing fhings on NxN num- 
ber of fools, which is making 
fheir job of porfing verificafion 
informafion a challenge," says 
Brophy "Whaf we have been 
doing is hampering design col- 
laborafion." 

Today for example, a us- 
er could develop a piece of 
VIP (verificafion IP), such as 
a SysfemVerilog fesfbench 
or a fransacfion-level or RTL 
(regisfer-fransfer-level) mod- 
el using one vendor's formaf, 
buf fhaf VIP mighf nof eas- 
ily work in fhe ofher vendor's 
SysfemVerilog simulafion en- 
vironment "Users would es- 
senfially have fo do fhe work 



fhemselves and build a bridge 
befween fhe fwo vendors' en- 
vironmenfs fo make fhe VIP 
work in fhe ofher's fool envi- 
ronmenf," says Brophy "The 
new OVM will eliminafe fhe 
need for users fo creafe fhaf 
bridge on fheir own. We are 
enabling a fruly inferopera- 
ble VIP environmenf, promof- 
ing language inferoperabilify 
and enabling dafa porfabilify 
across mulfiple simulafor plaf- 
forms fo deliver on fhe promise 
of SysfemVerilog and open up 
a healfhy and vibranf design- 
and-verificafion communify." 

a The new 
methodol- 
ogy is a direct 
competitor and 
a competitive 
response to 
Synopsys' pro- 
prietary VMM 
SystemVerilog 
guidelines. 

The new OVM is a super- 
set of AVM and UVM, and Ca- 
dence and Menfor each dedi- 
cated developers fo combine 
fhe best of both worlds fo cre- 
afe OVM. The OVM deliverables 
include fhe OVM Mefhodology 
which comprises how-to docu- 
mentation, examples, and code 
snippets, and an OVM class li- 
brary-essenfially fhe building 
blocks fo develop VIP. 

G laser and Brophy say fhaf 
fhe OVM will allow custom- 
ers and third-party providers 
of VIP fo creafe fesfbenches 
and models in one formaf fhaf 
will run in any OVM-complianf 
fool environmenf. "We fried fo 
look af fhis problem quite ho- 



lisfically and said fhaf fo en- 
able fhis mefhodology we had 
fo sfandardize on an open set 
of functional building blocks, 
called class libraries. Buf there 
are a lot of methodological im- 
plications fhaf then connect 
info even higher-level library 
functions and even info fhe 
way fhaf fools need fo interpret 
dafa and fhe way fhaf custom- 
ers need fo fake IP from differ- 
ent sources and configure if for 
different parameters. They then 
start operating if, controlling if, 
and being able fo get messag- 
es back," says G laser. "There 
are a lot of considerations for 
plug-and-play IP from mulfiple 
sources as well as fhe pafh 
from block fo chip fo system- 
level reuse, which tends fo 
bring in ofher languages such 
as SysfemC." Brophy and G la- 
ser claim fhaf OVM addresses 
all those issues and fully com- 
plies with fhe IEEE OpenVer- 
ilog language standard 1800- 
2005. 

Af least initially, fhe new 
mefhodology is a direct com- 
petitor and a competitive re- 
sponse fo Synopsys' (www. 
synopsys.com) proprietary 
VMM SysfemVerilog guide- 
lines, which also comply with 
IEEE 1800-2005. Synopsys 
has been a proponent of Sys- 
femVerilog and, some would 
say fhe front-runner in fhe mar- 
kef ever since a few years ago 
when if acquired Co-Ware De- 
sign Automation, fhe company 
fhaf originally developed Sys- 
femVerilog. Buf fhe VMM, say 
Glaser and Brophy has been 
less than open and has lacked 
significant links info SysfemC. 
(Industry participants viewed 
SysfemVerilog and SysfemC 
as competing languages when 
fhey debuted a few years ago.) 



However, both Brophy and 
Glaser claim fhaf Synopsys 
has in fhe past declined fo join 
any open SysfemVerilog ef- 
forts. Synopsys and all ofher 
vendors are free fo adopf fhe 
OVM af any point, and broad 
adoption of a single viable Sys- 
femVerilog mefhodology would 
help users use fheir mulfiven- 
dor SysfemVerilog-fool flows 
and would likely increase fhe 
use and general sales of Sys- 
femVerilog fools and methods. 
"We think OVM will be a great 
step toward speeding up fhe 
adoption of SysfemVerilog and 
advanced verificafion method- 
ologies," says Glaser 

Both companies had fo mod- 
ify fheir SysfemVerilog simula- 
fion environments so fhaf fhey 
could run VIP creafed using 
fhe OVM guidelines. Both com- 
panies have verified fhaf fheir 
simulafion platforms. Mentor 
Ouesta and Cadence Incisive, 
can run VIP creafed with the 
OVM guidelines. Brophy notes 
that making fhe fools OVM- 
complianf wasn't a painstaking 
process, so if should be fairly 
easy for ofher vendors fo make 
fheir fools OVM-complianf. 

The companies are offering 
fhe free OVM as fhe Apache 
2.0 open-source license. The 
companies will initially offer if 
fo selected customers in fhe 
third quarter of fhis year and 
plan fo make fhe production 
release, which includes fhe 
mefhodology and supporting 
library in fhe fourth quarter of 
fhis year. Initially Apache 2.0 
will be available for download- 
ing from Cadence's and Men- 
tor's Web sites, buf plans are in 
fhe works fo eventually make 
if available from a dedicated 
Web site. 

—by Michael Santarini 

Cadence Design Systems, 
www.cadence.com. 

Mentor Graphics, www. 
menfor.com. 
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REFERENCE 
DESIGN 
PREVENTS 
POWER THEFT 



Some people respond to 
the high cost of energy by 
stealing it. To prove that 
fact, Metering.com recently 
published a report show- 
ing that, in some countries, 
tampering with meters ac- 
counts for 5% of illegally 
consumed electricity. That 
tampering doesn't happen 
just in Third World coun- 
tries, either: The report es- 
timates that losses in the 
United States are approxi- 
mately 4%. According to 
Silvestro Fimiani, product- 
marketing manager for the 
company, the most com- 
mon way to disable meters 
is to use a large perma- 
nent magnet to provide an 
intense external magnetic 
field. 




Energy thieves can saturate 
an electricity meter's trans- 
former core with a large per- 
manent magnet. 

Addressing this prob- 
lem. Power integrations 
has published a refer- 
ence design based on its 
LinkSwitch XT family. The 
design, for an isolated 
power supply in flyback 
configuration, delivers 150 
mA at 5V, and an external 
magnetic field does not 
affect it. it also consumes 
just 1 W and produces the 
regulated 750 mW that ad- 
vanced meter electronics 
require.-by Margery Conner 

Power integrations, 
www.powerint.com. 
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Processor lowers the cost and power 
thresholds for HD video 



The TMS320DM355 pro- 
cessor is the latest ad- 
dition to Texas Instru- 
ments' DaVinci processor 
family. Unlike previous Da- 
Vinci devices, this processor 
does not include a software- 
programmable DSP. Rather, 
it couples an ARM936EJ-S 
core with a video-process- 
ing subsystem and MPEG-4 
JPEG coprocessor that are 
configurable through software 
executing on the ARM core. 
The less-than-$1 processor 
enables HD (high-definition)- 
video products, such as digital 
cameras and IP (Internet Pro- 
tocol) videocameras targeting 
a $250 end-unit price, as well 
as digital-photo frames and 
video baby monitors targeting 
a $120 end-unit price. Going 
with a configurable hard co- 
processor instead of a soft- 
ware-programmable DSP 
helps the system deliver pow- 
er consumption as low as 400 
mW to support HD MPEG-4 



encoding and approximately 
1 mW in standby; this pow- 
er-consumption level allows 
for 80 minutes of continuous 
HD-video capture with two 
AA batteries. 

The processor supports HD 
MPEG-4 SP encoding or de- 
coding at 720p and 30 frames/ 
sec and J PEG encoding or de- 
coding at 50M pixels/sec. It is 
available in 216- or 270-MHz 
clock speeds; these devices 
support only these rates be- 
cause the video subsystem 
and coprocessor blocks oper- 
ate at the same clock rate as 

j the processor. The video-pro- 
cessing subsystem is the same 
set of engines that all DaVinci 
devices feature. The processor 
supports the same intellectual- 
property and API (application- 
programming-interface) model 
as the other DaVinci devices. 
It includes production-quali- 
fied, configurable HD MPEG- 
4 and JPEG codecs without 

I licensing fees or royalties. The 



peripheral suite includes a 
high-speed USB 2.0 OTG (On- 
The-Go) device and mini-host 
with a PHY (physical) layer, a 
1 0-bit DAC, 32 kbytes of pro- 
gram/data memory 8 kbytes 
of ROM, 16- and 8-kbyte in- 
struction and data caches, and 
an external memory interface 
that supports mobile DDR/ 
DDR2. 

The DM355 is available for 
sampling now in a 1 3x 1 3-mm, 
329-pin, 0.65-mm-pitch BGA 
package. The 2 1 6-M Hz device 
sells for $9.75 (50,000), and 
the 270-MHz device sells for 
$11.49 (50,000). The TMDX- 
EVM355 evaluation module is 
available now for $495. It in- 
cludes JPEG/MPEG-4 SP/ 
G.71 1 codecs, ORCAD sche- 
matics, and MontaVista Linux 
with drivers for the peripherals, 
video-processing subsystems, 
and Uboot loader. 

-by Robert Cravotta 
Texas Instruments, www. 
I ti.com. 



Module controls four network channels 



A 



new 3U CompactPCI network controller 
from MEN Micro offers four fast Ether- 
,net ports for control of multiple network 




The F21 1 network controller features quad fast 
Ethernet channels for flexible control of multiple 
network configurations. 



configurations, including firewalls, gateways, 
routers, and fieldbus-data concentrators. The 
single-slot F21 1 controller features four full- or 
half-duplex channels that support 1 0BaseT and 
1 0OBaseTX physical layers and provide autone- 
gotiation, collision, and link detection with a maxi- 
mum data transfer of 200 Mbps. Each of the four 
channels has a unique MAC/IP (media-access- 
control/lnternet Protocol) address, enabling the 
F21 1 to function in a redundant mode when you 
use the lines in parallel for high-availability sys- 
tems. For harsh and mobile applications, the 32- 
bit, 33-MHz F21 1 operates over an extended 
temperature range of -40 to +85°C. The con- 
troller comes with software drivers for the Win- 
dows, Linux, QNX, and VxWorks operating sys- 
tems. Price for the F21 1 is $544, and delivery 
is within six weeks.— by Warren Webb 
>MEN Micro Inc, www.men.de. 
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The highest performance RF amplifiers 
Across the signal chain, analog is everywhere 




Low Noise Amplifiers (LNA) 



Part 
Number 


Freq Range 
(MHz) 


Gain 
(dB) 


0IP3 
(dBm) 


PIdB 
(dBm) 


NF 
(dB) 


Current 
(mA) 


Specs @ 
(MHz) 


Price 


ADL5521 


400 to 4000 


15.3 


35.3 


22.5 


0.8 


65 


1950 


$2.15 


ADL5523 


400 to 4000 


17.5 


33.7 


21.9 


1.0 


65 


1950 


$2.15 


Intermediate Frequency Amplifiers (IFA) 


Part 
Number 


Freq Range 
(MHz) 


Gain 
(dB) 


0IP3 
(dBm) 


PIdB 
(dBm) 


NF 
(dB) 


Current 
(mA) 


Specs @ 
(MHz) 


Price 


ADL5530* 


DC to 1000 


16.8 


37.0 


21.8 


3.0 


110 


190 


$1.56 


ADL5531 


20 to 500 


20.3 


40.9 


20.7 


2.7 


101 


190 


$2.25 


ADL5532 


20 to 500 


16.1 


39.1 


19.7 


3.0 


95 


70 


$2.25 


ADL5533 
(75 n) 


30 to 1000 


19.8 


37.3 


18.7 


2.9 


66 


70 


$2.55 


ADL5534 
(Dual) 


20 to 500 


19.8 


41.8 


20.0 


2.5 


90 


70 


$3.29 


Gain Blocks 


Part 
Number 


Freq Range 
(MHz) 


Gain 
(dB) 


0IP3 
(dBm) 


PIdB 
(dBm) 


NF 
(dB) 


Current 
(mA) 


Specs @ 
(MHz) 


Price 


AD8353* 


1 to 2700 


19.5 


22.8 


8.3 


5.6 


42 


900 


$0.48 


AD8354* 


1 to 2700 


19.5 


19.3 


4.8 


4.4 


25 


900 


$0.48 


ADL5541 


50 to 6000 


14.7 


39.2 


16.3 


3.8 


92 


2000 


$1.65 


ADL5542 


50 to 6000 


18.7 


39.0 


18.0 


3.2 


92 


2000 


$1.65 


Driver Amplifiers 


Part 
Number 


Freq Range 
(MHz) 


Gain 
(dB) 


0IP3 
(dBm) 


PIdB 
(dBm) 


NF 
(dB) 


Current 
(mA) 


Specs @ 
(MHz) 


Price 


ADL5320 


400 to 2700 


13.7 


42.0 


25.6 


4.2 


104 


2140 


$2.55 


ADL5322 


700 to 1000 


19.9 


45.3 


27.9 


5.0 


320 


900 


$3.48 


ADL5323 


1700 to 2400 


19.5 


43.5 


28.0 


5.0 


320 


2140 


$3.48 



*3V bias is also supported. 

All prices shown are $U.S. in Ik quantities unless otherwise noted. 



LNAs, IFAs, Gain Blocks, Drivers: Fully Specified for 
Performance-Driven Applications 

Introducing four new RF amplifier families engineered for telecommunica- 
tions infrastructure and other demanding wireless applications. Each family 
member is fully specified over frequency, temperature, and supply voltage 
to minimize the need for extensive device characterization. 

All of our new RF amplifiers offer unique performance advantages, such 
as higher linearity, lower noise, and lower supply current. Many also offer 
additional features, such as internal active bias, internal matching, BSD 
protection, and some dual configurations. Analog Devices offers high per- 
formance RF ICs across the entire signal chain, simplifying the development 
and supply chain process while accelerating time-to-market. 

Analog Devices' RF amplifier portfolio provides best-in-class performance, 
integration, and price. For more information about these new RF amps, 
as well as ADI's other solutions for RF designs, call 1 -800-AnalogD or visit 
www.analog.com/rfamps-ad. 




RF amplifiers avaiiabie in 8-ieacl LFCSP, W-iead LFCSP, and SOT-89 
pacl<ages — from 6 mm^ to 16 mm^ — witli singie/duai options 



analog is everywhere: 



www.analog.com/rfamps-ad 
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RESEARCH UPDATE 



BYRON WILSON 



Los Alamos lab makes major step 
in quantum-dot lasers 

ictorl Klimov, PhD, leads valence electrons, odds are that 



V' 
a team at Los Alamos 
National Laboratory that 
has been working for a num- 
ber of years on turning NQDs 
(nanocrystal quantum dots) into 
lasers. Because the dots are so 
small, their size influences the 
energy gap between the con- 
duction and the valence bands. 
When the recombination of 
an electron-hole pair causes 
the release of light in a laser, 
the color of the light relates to 
the energy gap. Hence, Klimov 
and company could change the 
color of an NQD laser simply 
by fabricating larger or small- 
er dots-if they could get the 
NQDs to be lasers. 

However, for reasons that 
again relate to the size of the 
dots, you must have more ex- 
cited electrons than valence- 
band electrons in a dot to get 
light amplification. An incom- 
ing photon hits one excited 
electron, an action causing the 
emission of a photon. However, 
if you don't excite most of the 



the next unexcited electron will 
just absorb the emitted photon. 
You might think the solution is 
just to excite more of the elec- 
trons, but there is a problem 
with this approach, too. 

Again because of quantum 
effects, electron-hole pairs and 
neighboring electrons interact 
to recombine quickly in NQDs— 
too quickly to permit laser ac- 
tion and without releasing a 
photon. Recently however, Kli- 
mov and his team have report- 
ed that, by fabricating nano- 
crystals with a cadmium-sulf ide 
core surrounded by a zinc-sele- 
nide shell, the physical interface 
separates the conduction-band 
electrons from the correspond- 
ing holes in the valence band, 
substantially slowing recombi- 
nation and making light ampli- 
fication possible. A conceivable 
result could be nanosized, col- 
or-to-order lasers for sensing 
and optical interconnect. 

Los Alamos National Lab- 
oratory, www.lanl.gov. 



Silicon nanocrystals promise 
40% solar-cell efficiency 

A research team at the NREL (National Renewable Energy 
Laboratory) claims to have observed production of two to 
three electrons from a single photon in a silicon nanocrys- 
tal. The result is potentially highly significant for the photocell 
business. Scientists had previously thought that silicon could 
produce only one excited electron per photon-limiting the 
conversion efficiency of silicon photocells without the aid of 
light-concentrating hardware to approximately 20 to 30%. 

Previously, other researchers had observed multiple-elec- 
tron production in exotic materials, but these substances of- 
fered little hope of production in the volumes necessary to 
impact the world's growing energy needs. The NREL work, in 
contrast, used ordinary silicon. The trick is that these research- 
ers confined the silicon into nanocrystals. The fact that the 
size of the crystal approaches atomic 
scale means that the behavior of sub- 
atomic particles, such as electrons, in 
the material can fundamentally differ 
from their behavior in the same mate- 
rial in bulk. 

Some questions about the methodol- 
ogy remain, because researchers can 
only indirectly observe electron produc- 
tion in photovoltaics of this type. And 
no one has contemplated mass produc- 
tion of large arrays of quantum dots. 
But nanocrystals of semiconductor ma- 
terial are relatively easy to produce through solution chemistry 
so such problems may not turn out to be showstoppers. The 
payoff could be commercial photovoltaic panels with as much 
as 40% unaided efficiency. 

>National Renewable Energy Laboratory, www.nrel.gov. 




A 7-nm chunk of 
crystalline silicon 
could dramatically 
increase the effi- 
ciency of solar cells. 



NANOSTRUCTURES ENABLE PAPERLIKE SUPERCAPACITORS AND BATTERIES 



The carbon nanotube has made another appearance 
in the literature, this time giving researchers quite a 
charge. Researchers at Rensselaer Polytechnic institute 
have reported the use of the structures in creating a 
family of thin, paperlike batteries and supercapacitors. 

The researchers observe that batteries, capacitors, 
and devices that combine those functions in applica- 
tion-specific ways all rely on the same three elements: 
an electrode material, a dielectric material, and a 
nonreactive matrix to support the other two. Starting 
from this conceptual basis, the researchers created a 
thin matrix of cellulose fibers-essentially, a very clean 
sheet of paper. They then developed a technique for 
diffusing carbon nanotubes into the paper in a way that 
leaves the tubes aligned with each other. The resulting 
structure acts as a very-low-effective-resistance elec- 



trode with an enormous effective surface area. By then 
diffusing a nonaqueous electrolyte into the sheet of 
paper, the sheet can become a battery, a capacitor, or 
a combination of the two, depending on the choice of 
electrolytes and the patterns in which you diffuse them. 

The whole structure retains its paperlike charac- 
teristics. You can twist, roll, fold, or stack it to make 
multicell batteries or capacitors, and you can trim it 
to shape, all without destroying its electrical proper- 
ties, in addition, because all three materials behave 
well over temperature, batteries using the structures 
can operate over a very wide temperature range. The 
researchers' paper appeared in the Aug 15, 2007, Early 
Edition of We Proceedings of f Aie National Academy of 
Sciences (www.pnas.org). 

Rensselaer Polytechnic institute, www.rpi.edu. 
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More 16-bit DAC performance for more designs. 
In process control, analog is everywhere. 



t1LSB IMLr 



LDAC and CLR 
Pin Functionality 



Small Packages: 
SOT, LFCSP 




Power-On Reset to 
Mid or Zero Scale 

Software- 
Programmable 



5V,10V, ±5V, ±10V 



AD5064 

High Performance for Open-Loop Systems 

The first low voltage quad with ±1 LSB INL @ 16 bits. 
Unmatched accuracy and pin functionality, combined. 

*-0-5V — >^t> 
^-O-SV — >^ 
V0-5V — 



>-±5V - 
0-10V- 
0-5V - 



ACTUATORS, 
VALVE 
CONTROL 



New Levels of Performance and Flexibility for 
Open-Loop and Closed- Loop Applications 

Our newest portfolio of industrial 16-bit DACs offers best-in-class 
performance, and a world of system configuration possibilities. You'll find 
single, dual, and quad option DACs, in small packages, with a full range of 
design tools and support. In addition to these DACs, Analog Devices offers 
hundreds of other IC solutions to meet all your process control needs. For 
more information, visit www.analog.com/16-bitDACs or call 1-800-AnalogD. 



AD5754 

Flexible Solution for Closed- Loop Systems 

The AD5754 provides a software selectable output range of 5 V, 
1 V, ±5 V, and ±1 V for cost-efficient system configuration. 







±10V — ^ 








±5V — 


ACTUATORS,! 


AD5754 




0-10V — ^ 


VALVE ■ 






CONTROL ! 






0-5V — ^ 





ISOUTION I V 

I— — < 1 ADC^ ^ ^MUXj^-^MPl^ 



Part No. ■ 




Price 


Ideally Suited to Open-Loop 


AD5060 


Single, 5 V,±1 LSB INL (max), 1 mA@5V 


$7.50 


AD5065 


Dual,5V, ±1 LSB INL (max), 2.3 mA@5V 


$11.25 


AD5064 


Quad, 5 V, ±1 LSB INL (max), 5 mA @ 5 V 


$15.95 


AD5764 


Quad, ±15V, ±1 LSB INL (max) 


$35.70 


Ideally to ^lilllllHIIIB flillliillillllillllll 


AD5752 


Dual, software-programmable output range of 5 V, 1 V, 
±5V, ±10Vin 24-leadTSSOP 


$6.95 


AD5754 


Quad, software-programmable output range of 5 V, 1 V, 
±5V, ±10Vin24-leadTSS0P 


$10.05 


AD5664R 


Quad, 5 V, 5 ppm ref. In 3 mm x 3 mm LFCSP 


$10.45 



All prices shown are $U.S. at 1k quantities unless ottierwise noted. 
Aii parts 16-bit resolution. 
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SIGNAL INTEGRITY 



BY GARY GIUST, PHD 
















PLL 1 




PLL2 




PLL 3 











INDIVIDUAL PLL 
JITTER-TRANSFER PLOTS 



GAIN (dB) 



1 -"TTER 
^..y. PEAKING 

\f - 



ACCUMULATED 
JITTER-TRANSFER 
PLOT 



(a) BANDWIDTH 
MODULATION (JITTER) FREOUENCY 



Jitter peaking and PLLs 

y audiophile brother prizes his tube transistors and vinyl- 
record collection. It doesn't bother him that every pass 
of the metal needle on vinyl creates friction that slowly 
degrades his records' fidelity. Engineers creating clock 
trees by cascading several PLL (phase-locked-loop) chips 
may relate to this situation. Jitter peaking with each PLL 
acts as a "needle" that degrades the timing of the input signal, or "record." 

As this signal passes through sub- 
sequent PLLs, jitter peaking can 
accumulate to cause instability or 
timing failures. Figure la shows 
a worst-case scenario in which a 
chosen PLL with significant peak- 
ing connects three times in series, 
causing this peaking to accumu- 
late. The first question to ask in 
this situation may be surprising: Is 
jitter peaking really a problem? 

Just because jitter peaking ex- 
ists doesn't mean there is a prob- 
lem. First, consider the applica- 
tion. Most PLLs exhibit some de- 
gree of peaking — typically, 3 dB — 
and not all applications require 
the tightest timing margins. At 
the other extreme, architectures 
based on cascaded regenerators 
cannot permit jitter peaking to ac- 
cumulate unbounded. For exam- 
ple, SONET (synchronous-opti- 
cal network) specifies less-than- 
0.1 -dB peaking. Another way to 
analyze this issue is to ask: What 
signals and noise are present in 
the system? If there is no frequen- 
cy content in which jitter peaking 
occurs, then this peaking has little 
impact on system performance, as- 
suming that the PLL is stable. In 
other words, if the needle wears 
a groove in the "vinyl" that you 
cannot hear or, in my brother's 



1 



(b) 



(c) 



(d) 



(e) 



PLLZ = • • • 



Figure 1 Cascading three identical PLLs 
amplifies jitter peaking (a). Avoid this problem 
by selecting overdamped PLLs (b), three dif- 
ferent PLLs (c), the lowest bandwidth for the 
last PLL (d), or an alternative clock tree (e). 



case, feel, then there is little impact. 

What if jitter peaking is a prob- 
lem? One approach cascades only 
PLLs having overdamped loops com- 
mon in applications such as SONET 
(Figure lb). However, this approach 
increases cost and limits chips selec- 
tion. Figure Ic shows an approach 
that avoids using identical PLLs more 
than once in any clock-tree path. Be- 
cause each PLL has a different band- 
width, the frequencies at which peak- 
ing occurs are staggered, making it 
difficult for peaking to compound. If 
multiple vendors act as second sourc- 
es for the same chip, use each vendor's 
chip once rather than the same ven- 
dor's chip many times, because each 
company uses different process tech- 
nologies and design approaches, caus- 
ing the peaking to occur at different 
frequencies. When using spread-spec- 
trum clocking to reduce EMI (elec- 
tromagnetic interference), make sure 
each PLLs bandwidth is wide enough 
to pass the spread modulation. 

Another approach doesn't restrict 
how you cascade PLLs, except that 
the last PLL has the lowest bandwidth 
of all devices in its path. Figure Id 
shows that jitter attenuator PLL 3 fil- 
ters any peaking that accumulates in 
the tree. However, because PLL 3 is 
averaging — not tracking — the input- 
phase error from this peaking, make 
sure that the PLL can tolerate any 
worst-case expected phase errors so 
that it remains locked at all times. 

The simplest approach avoids cas- 
cading PLLs altogether, in which j itter 
peaking in any path depends on on- 
ly one device (Figure le). When this 
approach is impossible, request jit- 
ter peaking data in decibels and hertz 
from potential vendors to help under- 
stand the impact of cascading their 
devices and in choosing your available 
options.EDN 

Gary Giust, PhD, is a marketing man- 
ager at PhaseLink Corp. He also con- 
ducts seminars on jitter. Contact him at 
gary@jittertime . com . 
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It's how you 
deliver the Dolby® 
high-definition 
audio experience 



nn iDOLBY 



DIGITAL* PLUS 



nn iDOLBY 
TRU^E 



What happens when Freescale meets Dolby®? You get a family of audio DSPs specifically 
engineered to deliver Dolby Digital Plus and Dolby TrueHD: the world's two leading 
technologies for high definition, multi-channel surround sound for next-generation DVD. 
Whether you're designing products for the home or broadcast equipment, Freescale audio 
DSPs assure you of a standing ovation. Just one more way Freescale is partnering with the 
world's smartest companies to make the world a smarter place, freescale.com/smarter 



freescale 

semiconductor 



Freescale'^'^ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. 
©Freescale Semiconductor, Inc. 2007. Dolby and the double-D symbol are registered trademarks of Dolby Laboratories. © 2007 Dolby Laboratories, Inc. All rights reserved. 



^"^Inside Edge 

Future 



Technology ahead of 
everyone - Samsung 

Samsung Electro-Mechanics manufactures the world's fastest brightest and thinnest 
products through high tech development. Imagine your world and Samsung will make it real 
Samsung Electro-Mechanics will be your most reliable partner. 



[y] LED/LED BLU : Specialized High Power LED (1,3W 
Cool/Warm White) and Middle Power LED (RGB, R/G/B, Cool/Warm 
White) for signage, electric sign, scene and mood lighting 
^Martin Cho (martinch@samsung.com) 

[vl Camera Modules : Excellent image quality with high-resolu- 
tion CMOS technology and advanced opto-mechanics, like auto- 
focus (Piezo and VGA), 5MP 3X Zoom and DIS 
^Yoon-Chul, Park (y.c.park@samsung.com) 

M HDI/FCBGAs : High density interconnected PCB for mobile 
phone and FC BGA for CPU, chipset and memory, combining circuit 
miniaturization and build-up technology 
^Man-Hun, Hur (martin.hur@samsung.com) 

[vl Chip Components : Leading edge chip components including 
world-first ultra small MLCC based on nano materials and creative 
design simulation ^Sang-Koo, Kang (semksk@samsung.com) 

[vl Precision Motors : Precision-geared solution and vibration 
motors based on integrated mechanical technology and hall 
technologies ^Brian Yoo (byoo@samsung.com) 

[vl Digital Tuners : Total solution for multimedia device, includ- 
ing TV, set-top box and portable device; multiple functions coupled in 
single package or very small form factor possible 
^Young Lee (young20@samsung.com) 

[vl Antennas : CBA (Ceramic Block Antenna at6*2*1.5t) simpli- 
fies mobile tuning with easy connectivity. IMA (In Mold Antenna) 
provides enhanced features like space, cost, and performance using 
IMLtechnology 

Network Modules : Wireless connectivity solution; Bluetooth, 
wireless LAN, GPS, Wimax, ZigBee, UWB, NFC, and various combo 
solutions for current and LTE. 
^Hyun-Seok, Jeong (jamejung@samsung.com) 



[vl Power Supplies : High efficiency, high power density, and 
high quality in Flat Panel Display ( LCD-TV, PDP-TV) IT , computer 
and renewable energy devices 
, ^Su-Jung, Jung (sj282.jung@samsung.com) 







www.Sem.samsung.com 
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SENSORLESS VERSIONS OF THESE 
HIGHLY EFFICIENT MOTORS REDUCE 
COST AND PARTS COUNT BUT THE 
MOTORS STILL REQUIRE COMPLEX 
CONTROL ALGORITHMS. MATCH THE 
RIGHT MOTOR TYPE AND CONTROL- 
LER TO YOUR APPLICATION FOR THE 
BEST PERFORMANCE AND COST 



PERMANENT-MAGNET MOTORS 

boost efficiency 
and power density 

BY MARGERY CONNER • TECHNICAL EDITOR 

The global price of energy is at an all-time high, 
with few signs of relief in sight, making consum- 
ers and businesses alike interested in energy con- 
servation. Currently, the most common motor 
type in use is the single-phase ACIM (ac-induc- 
tion motor), which is efficient only while run- 
ning at a constant speed, though most applica- 
tions — whether in the home or in industry — run 
at variable speeds. Worse, applications with a re- 
verse speed, such as washing machines, require gearboxes, which 
reduce power density as well as efficiency. For high-power applica- 
tions, using ACIMs is still the rule, but, at 2 kW and less, perma- 
nent-magnet motors are taking over in new designs. (As a refer- 
ence, a washing-machine motor uses about 1 kW or less.) 

At their most basic, permanent-mag- 
net motors require some kind of sen- 
sor — usually, a Hall-effect type — to de- 
termine the position of the rotor with 
respect to the windings on the staton 
The motor's control-drive electronics 
use the rotor-position feedback to adjust 
the pulse-width-modulated drive signals 
to the windings- However, using sen- 
sors is not the only way for the control 
electronics to monitor position: Motor- 
control processors have become more 
powerful and can now calculate rotor 
position from the motor's back EMF 
(electromotive force), eliminating the 
need for position sensors for some ap- 
plications (Figure !)♦ For example, new 
designs for hermetically sealed refrigera- 
tion compressors are moving to perma- 



Permanent-magnet motors have been 
commercially available since the '90s 
but didn't initially see widespread use 
because of the high cost that they owe 
to the expensive permanent magnets on 
their rotor. In addition, their complex 
control algorithms require specialized 
engineering expertise as well as the ad- 
ditional expense of an embedded proces- 
sor (see sidebar "How permanent-mag- 
net motors work" at the Web version of 
this article at www-edn.com/070913df)- 

Recently, however, the price of cop- 
per, which both the stator and the ro- 
tor windings of ACIMs use, has risen. 
These prices have had less impact on 
permanent-magnet motors, which lack 
rotor windings. At the same time, per- 
manent-magnet prices have dropped. 
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nent-magnet motors for higher power 
efficiency- Formerly, they relied on sin- 
gle-phase ACIMs, which required just 
two electrical connections through the 
hermetic seal. It's not a big leap for the 
designs to bring out one more line for a 
three-phase permanent-magnet motor 
drive, but bringing out three additional 
position-sensor lines through the her- 
metic seal would be too expensive and 
decrease reliability- Sensorless perma- 
nent-magnet motors are better options- 

However, sensorless permanent-mag- 
net motors are not the answers for all ap- 
plications- The rotor must be moving at 
some minimum speed to generate a back 
EMF, which sensing requires. These de- 
vices are good only for motors in applica- 
tions whose operating speed ranges from 
5 to 100% of the top speed. In addition, 
applications requiring precise position- 
ing usually require sensored motors. But, 
for applications such as consumer appli- 
ances and many industrial-control sys- 
tems, sensorless permanent-magnet mo- 
tors are making significant inroads. 

There are two kinds of permanent- 
magnet motors: brushless-dc motors and 
PMSMs (permanent-magnet synchro- 
nous motors). Brushless-dc-motor wind- 
ings give a trapezoidal back EMF and re- 
spond to a trapezoidal-drive signal (Fig" 
ure 2a); PMSMs produce a sinusoidal 
back EMF and require a sinusoidal-drive 
signal (Figure 2b). Their different drive 
signals and, thus, their torque make for 



AT A GLANCE 

□ Permanent-magnet motors 
are more efficient than ac-induc- 
tion motors, but they require more 
sophisticated control circuitry. 



□ Sensorless permanent-magnet 
motors are less expensive and more 
reliable than those with sensors, 
but some applications that require 
less-than-5%-of-maximum speed or 
frequent stops and starts require 
sensors. 



□ Microcontroller, DSC (digital-sig- 
nal-controller), and semiconductor 
vendors are offering development 
platforms with control algorithms to 
ease the task of designing for these 
motors. 



a key difference in the drive characteris- 
tics of the two motors: The brushless-dc 
motor is subject to torque ripple of ap- 
proximately 13%, and the PMSM theo- 
retically has 0% torque ripple. 

A six-step commutation process drives 
brushless-dc motors. As the process ap- 
plies the drive voltage between two 
phases of the windings, the third phase 
senses the back EMF. The sequence to 
drive the rotor takes six steps; hence, 
manufacturers often call this sequence a 
six-step process. This algorithm is rela- 
tively straightforward, and you can im- 
plement it with an 8-bit processor or 
with an 8-bit processor and a hardware- 



based coprocessor. Freescale, Infineon, 
Microchip, STMicroelectronics, and 
Texas Instruments have developed the 
software for the six-step commutation 
algorithms for their microcontrollers 
and DSCs (digital-signal controllers), 
which are, in general, 8-bit devices. 

FOC HELPS PMSMs 

However, brushless-dc motors have 
drawbacks that make them unsuitable 
for some applications. For example, the 
dynamic response of trapezoidal control 
isn't optimal for washing machines, be- 
cause the load changes both dynamical- 
ly within a wash cycle and varies from 
load to load and selected wash cycle. 
Further, in a front-loading machine, 
the gravitational power works against 
the motor load when the load is on the 
top side of the drum. The sinusoidally 
driven PMSM with FOC (field-orient- 
ed control) can better handle dynam- 
ic-load changes, but it requires a more 
powerful processor to handle the vector 
computations (Reference 1). 

FOC relies on two algorithms: The 
Clarke algorithm converts the stator- 
winding-phase currents from a three- 
axis vector to a two- axis vector, refer- 
enced to the stator. The Park transform 
then converts the two- axis currents into 
a rotating system, still relative to the ro- 
tor. Clearly, the computational power 
these transformations require is both 
complex and computationally inten- 
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Figure 1 A three-phase permanent-magnet motor requires a processor to create the control algorithms for the inverter to drive the 
motor's windings. The six high and low PWM signals come from the motor-control processor. A sensorless permanent-magnet motor 
relies on the motor's back EMF to sense the rotor position and control the motor direction and speed. The processor uses currents 1^ 
and Lto calculate back EMF. 
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sive- Several microcontroller and DSC 
vendors offer development platforms for 
their chips that they tailor to run these 
algorithms- Microchip offers the 16'bit 
dsPIC33FJ12MC201/203 DSC, which 
includes a PWM with two independent 
clock sources for advanced motor-control 
algorithms and active power-factor cor- 
rection, as well as a user-selectable I.IM- 
sample/sec, lO-bit ADC or SOOk-sample/ 
sec, 12-bit ADC- The DSC can operate 
at 40 MIPS, and the Clarke and Park al- 
gorithms require 11 -MIPS performance, 
leaving 72% of the DSC's overhead for 
performing other tasks, such as comput- 
ing power-factor control. The chips sell 
for $1.99 (volume quantities). 

You can perform FOC-vector calcu- 
lations with Infineon's 8-bit XC886/88 
processor, which includes a CORDIC 
(coordinate-rotational-digital comput- 
er) to perform hard-coded trigonometric 
functions necessary for the Clarke and 
Park routines before transferring the re- 
sult to the chip's general-purpose con- 
troller, which interfaces with the drive 
circuitry. The company offers FOC-soft- 
ware algorithms for the 8-bit processor 
that take up 58% of the CPU's perfor- 
mance. So, depending on what other 
chores your processor has, this amount 
of processing power could be enough. 
The 8-bit version sells for $2 to $3, de- 
pending on volume. Infineon plans to 
introduce a 16-bit version in October. 
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E] For a PowerSource blog post on 
algorithms and motor efficiency, see 
"As motors go green, free code tieips 
to furttier reduce price," www.edn. 
com/07091 3df2. 

[±] For more on motor controi, see 
''Inverters rev up small-motor drives" 
at www.edn.com/article/CA46852. 

[+] Gotowww.edn.com/070913df 
and click on Feedback Loop to post 
a comment on this article. 



These motor-controller engines all 
come from companies that are in the 
microcontroller business. These com- 
panies offer the algorithms in software 
that you can modify for performance in 
an application. International Rectifier's 
approach differs from these companies 
in that its iMotion platform implements 
the control algorithms in hardware, re- 
sulting in the usual hardware-versus- 
software-algorithm trade-off: The hard- 
ware algorithms run fast — with a typical 
FOC calculation taking just 11 [xsec in 
the iMotion digital-control engine — but 
you can't modify them. 

Freescale has teamed with Fairchild 
and Nidec Shibaura to make a pack- 
age of Freescale's 56F800/E DSC fami- 
ly, Fairchild's switching-power semicon- 



ductors, and Nidec Shibaura's flat, round 
"pancake" PMSM; the initial products 
target washing machines. Freescale pro- 
vides the sinusoidal-control algorithms 
for the motor controller, and Fairchild 
provides the high-power-semiconductor 
switches for the inverter-drive electron- 
ics. Nidec Shibaura's pancake motor 
tunes the DSC, inverter, and motor all 
to work with each other for the wash- 
ing-machine application. 

WATCH YOUR HEAD ROOM 

Cliff Ortmeyer, market-development 
manager in the appliance sector for ST- 
Microelectronics, says that the 8-bit 
ST7MC1/2 processor dedicates a motor 
control to peripherals and works well for 
brushless-dc-motor control and the six- 
step control process. But he says that 
you need a more powerful 32-bit proces- 
sor for the FOC of PMSMs. He agrees 
that it's vital to have adequate process- 
ing power in the controller to handle 
not only the vector computations, but 
also other system-control functions. 
"Our [PMSM-control] designs use less 
than 50% of the CPU to perform the 
main motor control. So, with the 32-bit 
ARM7/9 processor, that leaves a huge 
amount of power for the other applica- 
tion functions." 

The price decreases and new tech- 
nology for PMSMs make them invit- 
ing devices to employ, but they may not 
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Figure 2 A trapezoidal-drive current in a six-step process drives a brushless-dc motor, possibly resulting in a torque ripple of as much 
as 1 3% (a). The motor-drive current to a PMSM is sinusoidal, giving an ideal torque ripple of zero, but the trade-off is that the control 
algorithm is more complex (b). 
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be the best devices for your application. 
Even though STMicro makes control- 
lers for both motor types, Ortmeyer sug- 
gests that you not dismiss a brushless-dc 
motor for your application just because 
PMSMs are getting all the attention 
now- Brushless'dc motors can use a sim- 
pier controller, and simple is always a 
good idea- So, how do you decide on the 
best motor type? Ortmeyer says that you 



should consider whether your applica- 
tion needs to use the motor for regen- 
erative braking and whether it needs to 
reverse direction. For example, a wash- 
ing machine needs to reverse, but it 
doesn't need to use the motor for brak- 
ing. If you need both capabilities, you 
should choose a PMSM and sinusoidal 
control. If you need to do only reverse 
speed or braking, then you may well be 
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able to get by with a brushless-dc motor 
and its simpler controller. 

When you're determining the process- 
ing power you need, you should consider 
the overall system needs of your applica- 
tion — not just the algorithm-crunching 
part of motor control Arefeen Moham- 
med, systems application engineer for 
Texas Instruments' C2000 DSC line, says 
that, five years ago, no one would con- 
sider using a 32-bit processor for an ap- 
pliance-motor-control application, such 
as a washing machine- However, front- 
loading washing machines have a com- 
plex performance profile: The horizontal 
position makes them more efficiently use 
water but comes with a correspondingly 
more complex motor controller. "Now, 
you'll use the processor not just for mo- 
tor control, but also to sense water level 
and temperature-" He suggests you look 
at the overall system efficiency and not 
just the motor. 

"Five years ago, a representative mi- 
crocontroller for motor control had a 10- 
bit ADC with a total conversion time 
of about 5 jjLsec- Now, we offer a 12-bit 
ADC with a total conversion time of 
about 80 nsec, and we are receiving the 
requests to improve further. So, right 
now, 12 bits is a kind of standard- For ad- 
vanced high-performance motor drives, 
we are already seeing the need for 16-bit 
ADCs," says Mohammed.EDN 
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Figure 1. Typical Kelvin-Sensor Interface 

This application note covers a commonly-used interface for 
Resistance-Temperature Detectors (RTDs) and thermistors, 
with improvements for common-mode rejection. When 
these sensors are at the end of a cable, probe leads, or even 
a catheter, the circuit described in this article will improve 
performance in the presence of common-mode noise. 

RTD Standards and Specifications 

Most RTDs use either platinum wire over glass or depos- 
ited on a ceramic thin-film chip. International standard 
EN 6075 1 contains RTD resistance tables, tolerances, curves, 
and temperature ranges. 

Hiree common RTDs are the PTIOO, PT500, and 
PTIOOO, where 100, 500, and 1000 represent Ro, the 
0°C resistance. From -200°C to 0°C, the resistance fits a 
4th-order polynomial: 

R = Ro(1+At+Bt2+C(t-100)t3) 



From 0°C to 850°C, the resistance fits a 2nd-order 
polynomial: 

R = Rod+At+Bt^) 

Hie coefficients are: A = 3.9083 x lO'^rC; 

B = -5.775 X 10-7(°C)2; C = -4.183 x lO'WCC)^ 

Recommendations 

For increased sensitivity and resolution, use the highest- 
resistance RTD the circuit and supply voltage will allow. 
Low sensor current minimizes self-heating errors. 

For improved common-mode rejection, the DC resistance 
and AC impedance from both ends of the RTD to circuit 
ground should be identical, with both ends of the RTD 
returned to the differential amplifier through a twisted- 
pair, doubly-shielded cable. 

Choose ADC-sampling intervals consistent with the 
thermal time constants of the mounted sensor and object 
being measured. Since there will be multiple time constants, 
confirmation by measurement will avoid surprises. 

2-, 3-, and 4-Wire Configurations 

Temperature sensors can be configured in several ways: 
2-wire, 3-wire, 4-wire, and 4-wire with loop. This 
application note covers the most common and accurate 
wiring configuration: the 4-wire Kelvin connection with 
constant-current drive. For a complete review of these 
configurations and corresponding recommendations, 
visit www.national.com, AN-1559. 

Figure 7 is a typical circuit. The LM4140 is a high- 
precision, low-noise voltage reference. The LMP7704 
is a quad, precision, CMOS RRIO op amp. UlA is a 
Kelvin-connected differential amplifier. 



Na t ion a I 

Semiconductor 

The Sight & Sound of Information 



Controlled positive feedback from UIB 
to UlC creates a boot-strapped (buffered 
Rowland) current source where: 

'sensor =Vref/R8 

The circuit looks reasonable but has a major 
flaw. One end of the RTD sees ground, a low 
impedance, while the other end sees a current 
source, a high impedance. In the presence of 
AC fields, pickup at each end will differ and 
not be rejected by UlA. 

In Figure 2y a 6340. resistor (Rl) and a 
two-pole, 30 Hz low-pass filter (UlC, 
R7, R8, CI, and C2) have been added to 
improve balance. The voltage reference and 
RIO are halved to keep swings within the 
10 Voc supply range without significantly 
affecting DC performance with a 5V supply 
and RTDs between 80n and 1.1k. 



Above the filter passband, positive feedback 
from UIB to UID is increasingly attenuated. 
The current source impedance drops towards 
634n. Both ends of the RTD see similar 
impedances and rejection remains high until 
the specified open-loop gain of UlA and UlC 
eventually fall too low to maintain perfor- 
mance. A high-frequency precision op amp will 
improve high-frequency performance of both 
the current loop and the differential amplifier. 

AC rejection comparisons of both 
circuits lend themselves very well to SPICE 
simulation. LMP7704 SPICE models are 
available at www.national.com. 
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Figure 2. Improved Kelvin-Sensor Interface 
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The 45-nm node promises SOC (system-on-chip) de- 
signers either a 40% increase in transistor counts over 
65 nm or a 40% reduction in die size, but mask costs 
for 45 -nm processes will run, at least initially, in the 
multimillions of dollars. Some designers — especial- 
ly those with experience designing in either the 65- 
or the 90-nm modes and that are familiar with low- 
power-design techniques — will find the transition to the 45 -nm 
process fairly straightforward. That experience may help to alle- 
viate some of the cost burden of the transition, according to some 



foundries, IDMs (integrated-device 
manufacturers), and EDA vendors- "To 
design at 45 nm, you will need a bet- 
ter methodology, but it's not like you 
will need a brand-new set of tools," 
says Tom Quan, deputy director of 
design-service marketing at TSMC 
(Taiwan Semiconductor Manufactur- 
ing Co)- "You'll just need a bet- 
ter methodology to use those tools." 

With the introduction of 45 -nm 
processing, foundries are now intro- 
ducing RDRs (restrictive-design rules) 
for bulk'CMOS processes, mandat- 
ing the use of advanced low-power-de- 
sign techniques, and requiring the use 
of DFM (design-for-manufacturing) 
tools. Some foundries are also recom- 
mending that designers use probability- 
analysis tools, such as those for SSTA 
(statistical-static-timing analysis) and 
static statistical-power analysis to help 
reduce timing and power problems. 
Some hold that probability-analysis 
tools, although promising, may still be 
immature. 

NO BIG CHANGES 

All the big foundries say that manu- 
facturing at the 45 -nm node does not 
differ greatly from manufacturing at 65 
nm. The two most significant changes 
are the 45 -nm node's use of immersion 
lithography and its use of ultralow-k 
materials. Immersion, or "wet," lithog- 
raphy uses liquid between the projec- 
tion lens and the wafer surface to en- 
hance resolution and numerical aper- 
tures. Using the technique essentially 
ensures that the lithographic features 
of 45 nm have the same optical clarity 
as features at 65 nm, which means that 
the move to wet lithography will have 
little or no impact on the design flow. 



It will raise mask costs, however. 

Top foundries TSMC; UMC (Unit- 
ed Microelectronics Corp); and the 
CPTA (Common Platform Technology 
Alliance) of Chartered Semiconduc- 
tor, IBM, and Samsung are initially in- 
troducing bulk-45-nm processes using 
ultralow-k-dielectric material, mainly 
because the processes require no vast 
retooling or risky process changes. But 
the lack of an adventurous process 
change also means that, as transistors 
shrink, so does the amount of gate ox- 
ide in those transistors; thus, leakage 
is worse at the 45 -nm process (Refer- 
ence 1). As a result, the large found- 
ries working at the 45 -nm node are de- 
laying the introduction of potentially 
leakage-stopping materials, such as 
high-dielectric constant (k), into their 
manufacturing flows, which means that 
customers must do their part and, some 
would argue, more than their part to 
deal with power management. 

TSMC, UMC, and the CPTA will 
likely have high-k materials ready for 
their 32-nm processes or perhaps even 
sooner in second-generation, high-per- 
formance, 45 -nm processes. Found- 
ries have become wary of any materi- 
al changes in their processes after ex- 
periencing severe setbacks when they 
introduced 130-nm processes that 
employed both low-k and copper ma- 
terials. First, designs at that node had 
tremendous yield problems and failure 
rates and essentially drove a retooling 
in the EDA industry to timing-closure- 
tool flows, which proved good for EDA 
vendors but bad for users and chip 
manufacturers. "As you might expect, 
foundries are also holding their high- 
k developments close to the vest be- 
cause they believe they can use them 



IF YOU HAVE TOOLS FOR 
THE 65-NM OR EVEN THE 
90-NM NODE, MOVING 
TO THE 45-NM NODE 
REQUIRES NO RETOOL- 
ING. BUT DESIGNERS 
MOVING TO THIS NODE 
MUST ADOPT SOME 
ADVANCED DESIGN 
TECHNIQUES AND 
BE AWARE OF SOME 
NEW DESIGN RULES 
THAT FOUNDRIES HAVE 
IMPOSED TO ENSURE 
THAT SOC DESIGNS YIELD 
ACCEPTABLE RESULTS. 
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as competitive advantages," says Walter 
Ng, senior director for design solutions 
at Chartered Semiconductor. 

In the meantime, however, foundries 
TSMC, UMC, and the CPTA plan to 
have 45 -nm processes with ultralow-k in 
pilot or even mass production by year's 
end and say that they have been work- 
ing with the major EDA vendors over 
the past 18 months to ensure that the 
vendors' tools can handle leakage and 
other design challenges- Foundries and 
EDA vendors have high hopes for the 
45 -nm node- For example, EDA vendor 
Synopsys had 17 customers doing 65 45- 
nm designs, and five customers had 10 
45 -nm tapeouts, according to John Chih 
ton, the company's senior vice president 
of marketing and strategic development. 
"It is spookily like 65 -nm design two 
years ago," he says. "Those numbers were 
the same, and they tracked quarter after 
quarter. Right now, there are 425 active 
65 -nm designs and about 190 tapeouts. 
So, that tells you that, in the next two 
years, we'll see about another 180 tape- 
outs at 45 nm, so things will be pretty 



AT A GLANCE 

EI The 45-nnn node offers a 40% 
reduction in die size or a 40% 
increase in gate counts over the 
65-nnn node. 



□ Active and standby leakage 
accounts for 60 to 65% of a 45-nm 
IC's overall power consumption. 



El Low-power techniques are 
necessary at the 45-nnn node. 



□ DFM (design-for-manufacturing) 
tools are musts at the 45-nm node. 



EI Foundries are starting to use 
RDRs (restrictive-design rules) for 
bulk-CMOS processes at 45 nm. 



EI Maturing probability-analysis 
tools will be "nice-to-have" features 
rather than "must haves" for the 
I 45-nm process. ^ 

active." Some foundries hope that the 
45-nm process will become even more 
active than the 65 -nm process and that 
most chip designers now doing 130-nm 
design will be tempted to skip the 90- 
and 65 -nm nodes and jump right into 



the 45-nm process, noting that these in- 
cremental, rather than abrupt, changes 
in manufacturing mean that the design 
flow should also change incrementally. 

CHALLENGES AT 45 NM 

Foundries, design teams, and EDA 
companies say that the 45-nm process 
presents three major challenges for de- 
sign teams: mandatory low-power de- 
sign, mandatory use of DFM tools and 
methods, and increased deployment of 
RDRs and probability analysis. As was 
the case at the 65 -nm node, the found- 
ries' first process lines for the 45-nm 
node are for low power, rather than high 
performance. Rather than bite the bul- 
let and employ new materials, such as 
high-k, foundries are not making drastic 
changes. This decision means that leak- 
age continues to be a first-order concern 
at the 45-nm node. At the 65 -nm node, 
dynamic and static, or standby, leakage 
accounts for 40% of an IC's overall pow- 
er consumption and forces all SOC de- 
signers, regardless of their targeted end 
application, to employ low-power-de- 
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RELEASE 8.0 



TECHNOLOGY 



TSMC has issued reference flows for the last five generations of products. Each successive generation has called for more tools 
illustrating the rising complexity in design requirements. 
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Power management remains a top priority for 45-nm design. TSMC has added more 
power-management features to an already-long list of power-management techniques. 



sign techniques (Reference 2). At the 

45 -nm node, the problem becomes im- 
mense: Leakage consumes 60 to 65% of 
a device's overall power. This leakage 
necessitates the use of low-power-de- 
sign techniques, according to foundries- 
"We're seeing a lot more use of voltage 
islands, for example," says Chartered 
Semiconductor's Ng. "And customers 
aren't employing voltage islands to sim- 
ply group devices by power-supply re- 
quirements; they are using them to shut 
down entire sections of devices when 
they are not in use. Those are drastic 
techniques for power management, and 
we're seeing a lot more of that." 

Gregg Bartlett, vice president of 
CMOS technology at Freescale, says 
that Freescale's networking and wireless 
groups are designing at the 45-nm node, 
and both are employing low-power 
techniques. "I would describe the tran- 
sition from 65 to 45 nm as nonrevolu- 
tionary," says Bartlett. "In power-man- 
agement-design techniques, we have 
been doing dynamic-voltage-frequency 
scaling, gate-retention power gating, 
and other power-saving techniques for a 
few nodes. They are not new to us at 45 
nm, but we are applying more of them." 
Bartlett notes that Freescale's wireless 
group, which has specialized in low- 
power design for several process nodes, 
is spending more time doing sophisticat- 
ed power modeling and is also starting 
to use thermal modeling for its 45-nm 
tool flow. 

"Locating hot spots and points of 
intradie thermal variations and know- 
ing where your points of power dissipa- 
tion are the strongest are areas we see as 
emerging requirements," says Bartlett. 
"Although these techniques and tools 
are not mainstream yet, they give you 
the comfort of better understanding 
the product space your products are go- 
ing to go into." He notes that Freescale 
has been using IBM's SOI (silicon-on- 
insulator) processes for its last few gen- 
erations of chip sets. "We're constantly 
evaluating processes, but we've had great 
results with SOI," he says. "We've seen a 
double-digit improvement in both pow- 
er and performance in SOI over bulk- 
CMOS processes." 

But foundries offering bulk CMOS 
have been doing a lot of work to manage 
power in their new ultralow-k process- 
es, and they've also been working close- 



ly with EDA vendors to give customers 
more tools to help them manage power 
with the 45-nm process. For example, in 
its 8.0 reference flow, TSMC has added 
"enhanced low-power- technique recom- 
mendations" to help customers achieve 
further power savings. The foundry rec- 

"THESE TECHNIQUES 
AND TOOLS ...GIVE 
YOU THE COMFORT 
OF BEHER UNDER- 
STANDING THE 
PRODUCT SPACE 
YOUR PRODUCTS ARE 
GOING TO GO INTO." 

ommends the use of advanced voltage 
scaling and hierarchical voltage with 
dual-power SRAM blocks to deal with 
dynamic-power management, the use 
of source- and back-biasing, and the use 
of longer channels in noncritical paths 
to reduce active leakage. It also recom- 



mends the use of coarse-grained data 
retention and power gating with low- 
er drain-to-drain voltage to minimize 
standby-power leakage. 

"Most of these techniques are about 
gating a clock or simply shutting down 
blocks when you are not using them," 
says TSMC's Quan. "There are a mul- 
titude of techniques here that our cus- 
tomers can now employ when they start 
designing in the 45-nm node." There 
is also a multitude of low-power com- 
mercial tools now available to custom- 
ers. TSMC, UMC, and the CPTA have 
qualified all of the large vendors' power 
and low-power point tools from private- 
ly held companies. Cadence, Synopsys, 
and Magma all field low-power tools, 
and each is diligently working to cre- 
ate an all-in-one low-power flow to cap- 
ture seats as designers target IC designs 
to run on leakage-prone 65- and 45-nm 
processes. 

Foundries are eager to accommodate 
EDA companies in this task. For its 8.0 
reference flow, TSMC has validated 
the Cadence-backed CPF (Common 
Power Format), which is under the aus- 
pices of the Si2 (Silicon Integration 
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Cirrus Logic offers unbeatable performance. 
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1 5-Bit SAR Converter 



Cirrus Logic CS5571 
-Bit Delta-Sigma Converter 



Cirrus Logic's CS5571 A/D converter performs significantly better tlian ttie 
leading 16-bit SAR converter in Differential Non-Linearity (DNL) tests. 



Features 



• High-speed 24-bit and 16-bit Delta-Sigma 
A/D converter 

• Differential Non-Linearity (DNL) Error: 

CS556x: 0.2LSB (typ) 
CS557x/8x: 0.1 LSB (max) 

• Zero latency filter allows full-speed input 
switching with no loss in throughput 

• Self-calibration maintains accuracy over 
supply and temperature variations 

• High-impedance buffered signal and 
reference inputs 

• Differential and single-ended input versions 

• Digital filter near-flat to Nyquist sampling rate 

• Single or dual-supply operation 

• Flexible digital interface 

• 24-pin SSOP package 

• Specified for operation -40°C to +85°C 



Applications 

• industrial process control 

• Automated test equipment 

• Motion control 



• Vibration analysis 

• Medical patient monitoring 



Part 
Number 


Resolution 


Throughput 


Differential 
Non-Linearity 


Number 
of Channels 


Power 
Consumption 


CS5560 


24 bits 


50 kSPS 


0.2LSB 


1, Differential 


85 mW 


CS5561 


24 bits 


50 kSPS 


0.2LSB 


1, Single-ended 


85 mW 


CS5570 


16 bits 


100 kSPS 


0.1 LSB 


1, Differential 


70 mW 


CS5571 


16 bits 


100 kSPS 


0.1 LSB 


1, Single-ended 


70 mW 


CS5580 


16 bits 


200 kSPS 


0.1 LSB 


1, Differential 


70 mW 


CS5581 


16 bits 


200 kSPS 


0.1 LSB 


1, Single-ended 


70 mW 



Highlights 

• High-Throughput Delta-Sigma ADCs superior to 
SAR converters in high-resoiution applications 

• Exceptional Linearity Performance provides 
superior accuracy in nneasurennent and 
control applications 

• Wide Bandwidth challenges SARs for dynamic 
performance and accuracy 

• Buffered Inputs are easy to use and reduce 
total system costs 

• True Differential Inputs with dual supply 
operation accepts bipolar signals 

• 3-wire or 4-wire Digital Interface connects to 
all FPGAs and microcontrollers directly 



» HIGH-THROUGHPUT INDUSTRIAL DATA CONVERTERS 



www.cirrus.com 



© 2007 Cirrus Logic, Inc. All rights reserved. Cirrus Logic, Cirrus, and the Cirrus Logic logo designs are trademarks of Cirrus Logic, Inc. 
All other brands and product names in this document may be trademarks or service marks of their respective owners. 



North America: +1 800-625-4084 
Asia Pacific: +862 2376-0801 
Japan: +8^ (3) 5226-7757 
Europe/UK: +44 (0) 1628-891-300 



Initiative)- The format promises to al- 
low tools from across the design flow to 
work from a single power format- Quan 
notes that TSMC is also working with 
Accellera's UPF (Unified Power For- 
mat) group to validate the format for 
its 45 -nm process- 

DFM BECOMES A MUST 

At the 65 -nm node, foundries were 
recommending but not requiring their 
customers' use of DFM tools (Refer- 
ence 3)- However, the 45 -nm node will 
require the use of DFM tools for two of 
three categories the foundries have de- 
fined: LPC (lithography-process check- 
ing) and CAA (critical-area analysis) - 
However, foundries will recommend 
but not require the use of DFM tools 
for a third category, CMP (chemical- 
mechanical-planarization) simulation- 
"We haven't seen many customers us- 
ing DFM tools at the 65 -nm node," says 
Chartered's Ng- "I'd be surprised if any 
customer tries to tackle 45 nm without 
using some amount of DFM-" He notes 
that foundries used the 65 -nm process 
as a proving ground for DFM tools - 
"We were just starting to become famil- 
iar with DFM issues and tool require- 
ments," says Ng- "Now, at the 45 -nm 
node, we have a better idea of what is 
truly needed-" 

Most large EDA companies now have 
the required DFM tools and are trying to 
integrate them into technologies- Over 
the last year, most filled out their tool 
lineups either through internal develop- 
ment or through mergers with and ac- 
quisitions of DFM companies- In many 
cases, the vendors are diligently inte- 
grating DFM technologies into tools so 
that users won't even know they are em- 
ploying these tools- The major foundries 
have been helping the EDA companies 
in this endeavor and have taken note 
that EDA vendors are now integrating 
DFM technologies into their flows and 
making implementation tools correct by 
construction or at least DFM-compliant- 
This scenario is similiar to the way rout- 
ers became DRC (design-rules-check- 
ing) -compliant during the era of the 90- 
and 130-nm processes- 

Correct-by-construction DFM, or "in- 
the-loop-design verification," as Magma 
Design Automation calls it, is somewhat 
of a necessity, says Dwayne Burek, senior 



MOST LARGE EDA 
COMPANIES NOW 
HAVE THE REQUIRED 
DFM TOOLS AND 
ARE TRYING TO 
INTEGRATE THEM 
INTO TECHNOLOGIES. 

product director of the company's de- 
sign-implementation-business unit- The 
45 nm-node's massive layouts require a 
great number of DFM decks and mod- 
els on top of the ever-growing number 
of DRC/LVS ( layout- versus-schematic) 
physical-verification decks and models- 
Burek notes that Magma's Talus plat- 
form has an in-the-loop-design-verifi- 
cation capability, which includes DRC, 
LPC, and CMP simulation- "You can run 
checks within the implementation flow 
natively or with an integrated physical- 
verification capability," says Burek- 

Both Magma's and Cadence's tool 
flows have built-in LPC, CMP simula- 
tion, and CAA- Cadence recently an- 
nounced the addition of Aura lithogra- 
phy technology and space -based rout- 
ing to its Encounter tools and gained 
LPC and CAA tools from its August ac- 
quisition of Clear Shape Technologies- 
Synopsys' and Mentor Graphics' flows 
also incorporate LPC and CAA tools, 
but the two companies use CMP simu- 
lators from foundries- TSMC and UMC 
traditionally work with all EDA ven- 



dors interested in validating their tools 
on the foundries' new processes- TSMC 
has validated all the large tool vendors' 
flows and many privately held compa- 
nies' DFM tools, because this validation 
makes TSMC's fabrication data avail- 
able to partner companies in an en- 
crypted format- Quan says that making 
this data available eases tool vendors' 
ability to offer the company's custom- 
ers what TSMC calls DFM-autofixing 
flows- 

UMC also creates a reference flow for 
every design, but Mort Bamdad, senior 
director of the corporate marketing divi- 
sion at the company, says UMC doesn't 
dictate how designs must be done- "As 
far as 45 nm goes, the baseline flow 
doesn't change much," he says- "We are 
talking to EDA vendors to implement 
DFM changes in their tools so designers 
will not need new tools but may need 
some new features-" 

As with the 65 -nm node, the CPTA 
hand-picked DFM-vendor tools for its 
45 -nm DFM flow- For CAA, the CPTA 
has qualified tools from Ponte Solu- 
tions and Mentor Graphics- For CMP 
simulation, the company has qualified 
Cadence's CMP Predictor, which it ob- 
tained when it acquired Praesagus- For 
detailed, block-level LPC/simulation, 
the CPTA has qualified Mentor's LED 
(lithography-friendly-design) tool, and, 
for chip-level LPC, the CPTA has quali- 
fied Cadence/Clear Shape's InShape 
tools- Ng notes that the CPTA also rec- 
ommends Blaze DEM's MO to reduce 
leakage and improve yield and recom- 
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SSTA holds promise in improving performance and lowering power. The technology is 
maturing, but it remains to be seen whether the 45-nm node will broadly adopt it. 
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mends Mentor's Calibre Yield Analyzer 
for its checking'deck capability. 

RDRs: NICE TO HAVE? 

Over the last few years, industry lu- 
minaries have been warning that, with 
the increase in design size, number of 
design-rule files, number of DFM is- 
sues — especially lithography — and in- 
crease in mask costs, foundries would 
soon need to start enforcing more RDRs 
to help design teams produce good IC 
yields- At the 45 -nm node, some found- 
ries are seriously considering enforcing 
these rules- For example, UMC has for 
two years been developing its 45 -nm 
process- It debuted its first 45 -nm test 
vehicle in the first quarter of 2006 and 
expects to have introduced its first five 
early tapeouts by the third quarter of 
this year and have its 45 -nm LL (low- 
leakage) process ready for pilot produc- 
tion by year-end. UMC's Bamdad says 
that, in ironing out the process, the 
company has seen great promise for the 
use of RDRs to help customers quick- 
ly get high-yielding designs to market. 
"For example, the orientation of poly- 



MORE JlffTOHlffi^^^^^Mi 

\±} For more on SSTA (statistical-static- 
timing analysis), see ''Ctiaracterization 
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E] For anotlier perspective on 90-nm- 
ctiip design, see Executive Editor Ron 
Wilson's article 'Ms chip design different 
after 90 nm?" at www.edn.com/article/ 
CA6347251. 

H Go to www.edn.com/070913cs 
and click on Feedback Loop to post 
a comment on this article. 



silicon is becoming one of the big is- 
sues," says Bamdad. "We're still working 
on all the details, but it might become 
mandatory that customers lay polysili- 
con in the same direction they are lay- 
ing SRAM and standard cells ... hori- 
zontally rather than vertically. Also, 
if you are going to have an L shape in 
your design, you'll have to change lay- 
ers — go horizontally [with the] via and 
contact and then go vertically. These 
are rules we expect to enforce." 



Chartered's Ng says that, although 
the company's process-alliance partner 
IBM has enforced RDRs for its SOI pro- 
cess, the CPTA's customers are now re- 
questing these rules for the CPTA's bulk- 
CMOS offerings. Many hope that the 
proper use of RDRs could increase the 
chance that design teams will be able to 
create "right-the-first-time" designs and 
not incur heavy re-spin or ever-more- 
painful extra mask costs. 

Joe Sawicki, vice president and gener- 
al manager of Mentor's design-to-silicon 
division, says that, because immersion 
lithography produces essentially the 
same quality of results as dry lithography 
for the 65 -nm node, the 45 -nm node 
may not yet require RDRs. "If you were 
doing without RDRs at 65 nm, you can 
probably do without them at 45 nm," he 
says. "The entire impetus behind RDRs 
is that 2-D features are [difficult to im- 
plement]. If you just look at the math- 
ematics, what's going to happen when 
you go from 45 nm to 32 nm and 22 nm 
is that features inevitably go from be- 
ing [difficult to implement] to your hav- 
ing no idea how to make them happen. 
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When you hit 22 nm, if you believe that 
you can do [those 2-0 features] with a 
single etch or a single mask process, [you 
will] have to change the laws of phys- 
ics-" RDRs are ways to help foundries in- 
troduce processes at new nodes without 
radically changing the manufacturing 
equipment and flows, he says- He notes, 
however, that some other advances in 
lithography and manufacturing may 
make RDRs less necessary at the 32- and 
22-nm nodes. 

Synopsys' Chilton says that his com- 
pany has yet to hear of any customers 
using RDRs. "So far, people seem to be 
sticking to classic design rules, though 
it's moving to model-based rather than 
rules-based approaches," he says. RDRs 
are somewhat controversial and have 
spurred a debate in the industry about 
whether they will help alleviate some 
of the complexity in design flows or will 
overtax commercial routers that must 
deal with massive DFM rules and mod- 
els on top of ever- increasing DRC decks 
for ever-larger-gate-count designs. 

Foundry reps indicate that, in qualify- 
ing implementation flows even without 
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RDRs, some commercial routers — but 
they decline to say which ones — that 
worked for the 65 -nm node struggle 
with the large designs and more com- 
plex rules and models at 45 nm. For- 
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tunately, EDA vendors are addressing 
these problems. Mentor and Cadence 
both claim to have new router tech- 
nology that they created to handle the 
complexities of 45 nm. Mentor Graph- 
ics acquired Sierra Design Automation 
in June and is currently working with 
foundries to qualify its router for 45 -nm 
flows and further integrate its Calibre 
lineup into the flow, and Cadence this 
month added technology from its cus- 
tom digital-space-based-router technol- 
ogy to its standard-cell Encounter rout- 
ing platform. "The 65- and especially 
the 45 -nm nodes are separating the 
great routers from the OK routers," says 
Eric Filseth, vice president of digital-IC 
implementation at Cadence. 

PROBABILITY ANALYSIS 

Although the academic and EDA 
communities have predicted that prob- 
ability-analysis tools — notably SSTA 
(statistical-static-timing-analysis) tools — 
would replace traditional static-analysis 
tools at advanced nodes, that scenario 
hasn't occurred at the 65 -nm node, ac- 
cording to foundries. But EDA vendors. 
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34405A 


34401A 


3441 OA 


34411 A 


Resolution 


5/4 digits 


6/4 digits 


614 digits 
dual display 


614 digits 
dual display 


Basic DC 
Accuracy 


250 ppm 


35 ppm 


30 ppm 


30 ppm 


Max Readings/s 
(continuous to PC) 


19 


1,000 


10,000 


50,000 


Connectivity 


USB 


GPIB 
RS-232 


GPIB, USB, LAN 
LXI Class C 


GPIB, USB, LAN 
LXI Class C 


Price 


$745* 






$1,995* 






$1070* 


$1215' 
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Impedance Levels 10 ohms to 250k ohms, 
Power Levels to 3 Watts, Frequency Response 
±3db 20Hz to 250Hz. All units manufactured 
and tested to MIL-PRF-27. QPL Units available. 
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Applications in Power Supplies, DC-DC 
Converters and Switching Regulators 
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10 Nanoseconds to 100 Microseconds. ET 
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and tested to MIL-PRF-21038. 
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Plug-In units meet the requirements 
of QPL-MIL-PRF 21038/27. 
Surface units are electrical equivilents 
of QPL-MIL-PRF 21038/27. 

DC'DC Converter 

Transformers 

Input voltages of 5V, 12V, 24V And 48V 
Standard Output Voltages to 300V (Special 
voltages can be supplied). Can be used as self 
saturating or linear switching applications. All 
units manufactured and tested to MIL-PRF-27. 

400Hz/800Hz 
Power Transformers 

0.4 Watts to 1 50 Watts. Secondary Voltages 5V 
to 300V. Units manufactured to MIL-PRF-27 
Grade 5, Class S (Class V, 155°C available). 
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or send direct 
for FREE P\CO Catalog 
Call toll free 800-431-1064 
in NY call 914-738-1400 
Fax 914-738-8225 

Electronicsjnc. 

143 Sparks Ave. Pelham, N.Y 10803 

E Mail: info@picoelectronics.com 
www.picoelectronics.com 



PICO 



early adopters of 45 -nm technology, and 
foundry reps from TSMC and UMC say 
that 45 nm may mark the first node to 
broadly adopt probability analysis. SSTA 
tools promise to replace worst-case-tim- 
ing models (traditional wire-load models) 
with more realistic and accurate analysis 
of circuit behavior using statistical tech- 
niques- Using statistical models to char- 
acterize standard-cell-process libraries, 
designers run analysis of the behavior 
of circuits, blocks, or entire designs and 
derive timing parameters of circuit per- 
formance- They then use those results to 
fine-tune the performance of their de- 
signs and even reduce power or toggle off 
unneeded transistors or blocks- 

With the increasing size and com- 
plexity of 45 -nm designs, SSTA tools 
have proved useful for some designers, 
including those at Texas Instruments, 
according to Mike Fazeli, the company's 
worldwide-EDA-strategy manager, and 
Clive Bittlestone, TPs ASIC-backplane 
manager. Despite the tools' usefulness, 
however, foundries have been slow to 
approve them for timing sign-off, slow- 
ing their adoption. Other designers have 
found commercial SSTA difficult to use. 
"Variation is tricky because it calls into 
question things in sign-off and where 
you should set the variation points," says 
Synopsys' Chilton. "It is hard to figure 
out. So, it's a big move from traditional 
rules-based sign-off to something soft- 
er; there's a culture to figure out — not a 
technical problem." 

Chartered Semiconductor's Ng is 
skeptical about whether SSTA tools 
will be in wide use at the 45 -nm node. 
"It's an area that everyone agrees has 
a lot of promise; the problem is in im- 
plementation," he says. However, EDA 
companies and some foundries, includ- 
ing TSMC and UMC, say that the pre- 
dictability-analysis tools are maturing. 
EDA companies, such as Extreme DA, 
Magma, and Synopsys, have been field- 
ing SSTA tools for more than a year, 
and Cadence also jumped into the game 
this month with its Encounter Timing 
System GXL SSTA tool. TSMC's Quan 
says that SSTA standard-cell-library- 
characterization tools, such as Altos De- 
sign Automation's Variety, have helped 
solidify the flow because the tools can 
help foundries and users characterize li- 



braries for better use of statistical-analy- 
sis tools. TSMC has added Altos Design 
to its 8.0 reference flow and is now of- 
fering customers statistical models of its 
45 -nm process. Designers can extend 
TSMC's statistical models and methods 
to leakage issues, and TSMC has add- 
ed statistical leakage analysis to its 8.0 
reference flow, although EDA vendors, 
such as Magma, are just starting to offer 
these types of tools. 

MORE CHALLENGES 

Overall, foundries expect the transi- 
tion to the 45 -nm node to be fairly easy 
for designers familiar with the chal- 
lenges of 65 -nm and even 90-nm de- 
sign. The node will require designers 
to implement low-power-design tech- 
niques and to use DEM tools and may 
require the use of RDRs and probabil- 
ity-analysis tools, too. Foundries hope 
that the 45 -nm node will prove so un- 
threatening to mainstream- IC designers 
that a large chunk of them working at 
the 130-nm node will consider skipping 
right over 90 and 65 nm and go straight 
into 45 nm. But, before you face the 45- 
nm test, you should also consider the 
ongoing challenges inherent in every 
new design process: The 45 -nm node 
will present significant challenges in 
developing chip architectures, software 
development, logic design, and logic 
verification 
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High video leakage degrades measurement accuracy and can damage 
sensitive components and equipment. In contrast to a conventional PIN 
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FET switches have less than 10 mVpp video leakage. While not a widely 
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Distributed linear regulators 
increase output current 
and spread the heat 

PARALLEL-BOARD LAYOUT AND HEAT SPREADING PROVIDE 
DESIGNERS NEW WAYS TO USE LINEAR REGULATORS IN ALL- 
SURFACE-MOUNT APPROACHES. THESE TECHNIQUES WORK 
WELL IN TODAY'S HIGH-PERFORMANCE, HIGH-DENSITY PCBs. 




odern system boards include big, current- 
hungry digital ICs along with a plethora of 
other lower-current digital and analog cir- 
cuitry. Such a system board can require as 
many as five or six power supplies, depend- 
ing on the number and types of ICs you use. 
Moreover, some circuits, such as audio or high-speed serial 
links, are noise-sensitive and generally require designers to use 
inherently quieter linear regulators. Heat problems accom- 
pany the use of multiple power supplies; therefore, designers 
must add heat sinks along with various types of regulators. But 
the heat sinks make the board more cumbersome and harder 
to assemble than an all-surface-mount approach. A sly design- 
er can turn to techniques such as using parallel regulators and 
using the PCB (printed-circuit board) itself for cooling to de- 
velop an all-surface-mount design. 

When you employ surface-mounted regulators, thermal 
conduction and air cooling limit the amount of power that 
each chip can internally dissipate. With a typical board, al- 
lowing a maximum ambient temperature of 60 to 70°C, a sur- 
face-mounted linear regulator can dissipate approximately 1 
to 2W. The total dissipation depends on the heat spreading 
of the board and the airflow across the board. If a design must 
dissipate more power, the engineer generally mounts the regu- 
lator on a heat sink to achieve the higher power levels with no 
thermal problems. Paralleling regulators on the board spreads 
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Figure 1 This parallel-capable regulator uses a 10-fxA current 
source as a reference. The internal op amp keeps the adjustment 
and output terminals within a few millivolts. 
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Figure 2 The available output current as a function of I/O differ- 
ential and power dissipation allows 2W maximum power dissipa- 
tion; thus, a design can deliver 1 A output currents even with 1 to 
2V I/O differential. 




Figure 3 This basic configuration yields a 1 .8V output. The 
design ties together the input and the control pins, and a resis- 
tor sets the output voltage. A 2.2-|jlF output capacitor ensures 
stability. If you adjust the adjustment resistor to zero, the output 
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Figure 4 To spread power, a designer can add a resistor in 
series with the power pin of the device. Such a circuit sepa- 
rates part of the power dissipation from the regulator. This 
technique spreads the power dissipation around the surface- 
mount board rather than concentrating all of the power dissipa- 
tion in the regulator. 



the heat, provides greater maximum output current than does 
a single-regulator design, and helps maintain low peak tem- 
peratures- 

Figure 1 shows a parallel-capable adjustable regulator. A 
precision TC (temperature coefficient) — less than 1% over 
temperature — of lO-fxA internal-current source connects to 




Figure 5 Placing regulators in parallel spreads heat for a surface- 
mount design. The schematic shows two regulators in parallel to 
deliver higher output current. You can add even more regulators 
in parallel for even higher output currents. The design in this 
instance ensures current sharing by using a 1 0-mH PCB trace 
that acts as a ballast resistor. 
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Figure 6 With a differential of 0.7V, dissipation is 0.7W, and tem- 
perature rises 28°C on a two-sided PCB. 



Figure 7 With a differential of 1 .7V, dissipation is 1 .7W, and tem- 
perature rises 65°C on a two-sided PCB. 



the noninverting input of a power operational amplifier. The 
amplifier provides a low- impedance, buffered output, which 
the voltage on the noninverting input controls- The control 
and input pins connect, input and output capacitors add sta- 
bility, and a resistor from the adjust pin sets the output volt- 
age- A 1 80-kn resistor from the noninverting input to ground 
provides the L8V output- A short or a OH resistor would set 
the output to OV. Designers can control the output with a re- 
sistor or with a DAC, adjusting the output from OV to the 



maximum that the input power supply defines- The design 
requires a minimum load current of 1 mA because it has no 
ground pin. An optional 0.1-fxF capacitor reduces noise. 

HOW MUCH POWER? 

In considering such a power source, a designer would need 
to determine how much power the circuit can deliver relative 
to the heat dissipated. As a rule of thumb for temperature rise 
on PCBs, you can expect approximately 40°C/1W rise. With 
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Get more for less with Lattice's new LatticeECP2MTM 
family. No other low-cost FPGA offers up to 16 SERDES 
channels with full-duplex serial data transfers at rates 
up to 3.1 25Gbps. Best of all, each SERDES channel 
operates on a cool lOOmW at maximum speed. 

The LatticeECP2M family offers even more, including 
up to 5.3Mb of RAM, high-speed DSP blocks, 533Mbps 
DDR2 memory interface and SPI4.2 support. Plus, 128- 
bit AES Encrypted Bitstream support and Transparent 
Field Reconfiguration (TransFR™) allow you to keep 
your designs secure and easily upgradeable even after 
your product has shipped. 
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things have changed. 



For design software and a 
FREE FPGA handbook go to 
Iatticesemi.com/ecp2m 



Lattice 



Semiconductor 
Corporation 

More of the Best 



©2007 Lattice Semiconductor Corporation. All rights reserved. Lattice Semiconductor Corporation, L (& design), Lattice (& design), LatticeECP2M, LatticeECP2, LatticeSC, LatticeXP, TransFR, and specific product desig- 
nations are either registered trademarks or trademarks of Lattice Semiconductor Corporation or its subsidiaries, in the United States and/or other countries. Other marks are used for identification purposes only, and 
may be trademarks of other parties. 



StraightStraightStraightStraight 
StraightStraightStraightStraigJit 
StraightStraightStraightStraight 
StraightStraigMStraightStraight 
StraightStraigMStraightStraight 
StraightStraightBentlStraight 
StraightStraightStraightStraight 
StraightStraightStraightStraight 
StraightStraightStraightStraight 
StraightStra igJitStra ightStra ight 



[75% of the 
original size] 



Smart Cameras made in Germany - 
the intelligent VC44xx-Series makes 
PC-Stations redundant. 

The Smart Cameras from the inventor of freely program- 
mable belong to the fastest and most up-to-date intelli- 
gent cameras worldwide. Up to 242 frames per second 
and 8000 MIPS integrated computational power. They are 
built for rough industrial environments and they are only 
110x50x35mm small. 




WWW.VISI0N-C0MP0NENTS.COM 



a 60°C ambient temperature, IW would raise the temperature 
to 100°C- The temperature rise at 2W puts the 140°C peak 
temperature above the safe operating temperature on most 
semiconductors- The designer would need either a high-ther- 
mal'Conductivity board or airflow to keep the peak tempera- 
ture down. A designer can implement a 1.1 A supply regulat- 
ing from 2.5 to 1.8V or 1.8 to 1.2V directly on a PCB. For the 
same peak operating temperatures, the power dissipation can 
limit the output current for 5 to 3.3V or 3.3 to 1.5V, depend- 
ing on ambient temperature and airflow. 

Figure 2 shows the maximum output current at different I/O 
differentials for a regulator when the power dissipation is 1 or 
2W. To remain generally useful in many circuits, a regulator 
must support 2W. Paralleling regulators or using circuit tricks 
to spread the heat allows higher power dissipation and higher 
output currents. You can spread the power dissipation among 
several devices so that no hot spots result in the system board. 
If your application requires more current than a single regula- 
tor can supply, you can add a second regulator. 

Designers can also use other tricks to dissipate the heat. For 
instance, you can move some of the power dissipation — that 
is, heat — from the regulator to an external resistor, thereby re- 
ducing the peak temperature of the regulator. Instead of hav- 
ing one point with a 80°C rise, you can spread the heat to two 
points, each with a 40°C rise. You can place the resistor di- 
rectly in series with the regulator as long as the input voltage 
at the regulator at maximum current does not place the regu- 
lator into dropout. This technique is most useful in multiple- 
output power systems in which the input is regulated and the 
regulator is generating an additional voltage. Some regulator 
designs separately expose the power and the control circuitry. 
In such cases, the dropout on the power pin is only 100 to 300 
mV, allowing connection to a lower voltage supply to reduce 
dissipation. If you use the resistor only in series with the power 
input, the design can transfer more power to the resistor with- 
out dropout. 

Figure 3 shows the collector of the output transistor con- 
nected to split the power dissipation between the internal 
power transistor and an external resistor. In this example, a 
designer can place a maximum resistor of 2.911 in series with 
the input, and the regulator won't enter a dropout state. At 
full load, the design drops approximately 2.9V across the ex- 
ternal resistor, and the external resistor dissipates about 3W. 
To minimize peak temperatures on a PCB, you can break this 
resistance value into several 111 resistors across the board. The 
power dissipation in the regulator peaks at approximately 750 
mW when the power dissipation in the resistors and the pow- 
er dissipation in the transistor are equal. The copper planes 
in the PCB easily handle this power. In actual systems, you 
should ensure that less than 2.9V drops across the resistor to 
allow for tolerance in the 5 V input supply. 

If you need higher output current, consider using regula- 
tors in parallel to share the power demand. In such a design, 
you should tie together the adjust, output, and input pins. You 
should connect the input pins when you use an external se- 
ries resistor or connect directly to an input-voltage supply. 
Although you should connect the outputs, you must also en- 
sure current sharing using a ballast on each output. The size of 
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the ballast depends on the voltage mis- 
match between the regulators- The bal- 
last must drop enough voltage to absorb 
the output difference- Without the bal- 
last, one regulator supplies all the cur- 
rent until it reaches its limit before the 
next regulator turns on — an unreliable 
situation. 

In regulators that use op amps as the 
output-power stage, the offset voltage 
determines the mismatch between reg- 
ulators, which is in the millivolt range- 
This situation requires 10- to ZO-mH 
ballast resistors. But you need not add 
actual resistors. Instead, you can rely 
on a small piece of PCB trace. A ballast 
drop of only 10 mV still allows good reg- 
ulation — 1% at IV output. For this lev- 
el of ballast, you must ensure that regu- 
lator-dc errors are less than the ballast 
drop. For a 1-oz board, a 10-mH ballast 
requires a trace width of 180 at 10 mil 
and 370 at 20 mil. For a 2-oz board, the 
corresponding figures are 370 and 470. 

Figure 4 shows a design that uses par- 
allel regulators. The two devices have 
a lO-mll ballast resistor. At full out- 
put current, this design gives better 
than 80% equalized sharing of the cur- 
rent. The external resistance of 10 mil 
(5 mil for the two devices in parallel) 
adds only approximately 10 mV of out- 
put-regulation drop at an output of 2A. 
With a 3.3V output, this drop adds only 
0.3% error to the regulation. You can 
use more than two regulators in parallel 
for even higher output current. Spread 
the regulators on the PCB to spread the 
heat. You can also use input resistors to 
further spread the heat if the I/O differ- 
ence is high. 

THERMAL PERFORMANCE 

Consider the thermal performance of 
a parallel-regulator design. For example, 
assume QFN devices mounted on a dou- 
ble-sided PCB. The design locates the 
regulators approximately 1.5 in. apart. 
Also assume that you will vertically 
mount the board for convection cool- 
ing. Two tests on such a board measure 
the peak temperature and current shar- 
ing of these devices. In the first test, the 
circuit operates with an approximately 
0.7V input- to-output differential, and 
each regulator produces lA. This con- 
figuration produces 700-mW dissipation 
in each device and a cumulative 2 A out- 



put current. The test yielded a tempera- 
ture rise above ambient of approximate- 
ly 28°C, and both devices were within 
±1°C. The test demonstrated excellent 
thermal- and electrical-sharing charac- 
teristics. Figure 5 shows the tempera- 
ture distribution between the regulators 
and the PCB, and the peak temperature 
reaches ambient temperature within ap- 
proximately 0.5 in. of the devices. 

The test then increased the power 
demand with a 1.7V differential across 
each device. This second test resulted 
in 1.7W dissipation in each device and 
a device temperature of approximately 
90°C — about 65 °C above ambient tem- 
perature (figures 6 and 7). The test re- 
vealed that temperature matching be- 
tween the regulators is within 2°. The 
board temperature decreased to approx- 
imately 40°C within approximately 0.75 
in. of each device. Although 95 °C is an 
acceptable operating temperature for 
the tested regulators, the rise in these 
tests was in a 25 °C ambient environ- 
ment. For higher ambient temperatures, 
designers must control the temperature 
to prevent device temperatures from ex- 
ceeding 125°C. A 3m/sec airflow across 
the devices decreases the device tem- 
perature by approximately 20°C, pro- 
viding margin for higher operating am- 
bient temperatures. In addition, this 
test relied on a two-layer board. A four- 
layer board would provide better power 
dissipation. 

Parallel-board layout and heat spread- 
ing provide designers new ways to use 
linear regulators in all-surface-mount ap- 
proaches. These techniques work well in 
today's high-performance, high-density 
PCBs. To achieve good sharing perfor- 
mance, your design must carefully con- 
trol the dc characteristics in the regula- 
tor. Once designers understand the con- 
trol characteristics, they can routinely 
parallel regulators and spread heat to 
achieve all-surface-mount systems.EDN 
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Buck-Boost Controller Simplifies Design of DC/DC Converters for 
Handheld Products - Design Note 424 

David Burgoon 



Introduction 

Anumber of conventional solutions have been availablefor 
the design of a DC/DC converter where the output voltage 
is within the input voltage range— a common scenario 
in Li-Ion battery-powered applications— but none were 
very attractive until now. Conventional topologies, such 
as SEPIC or boost followed by buck, have numerous 
disadvantages, including lowefficiency, complex magnet- 
ics, polarity inversion and/orcircuitcomplexity/cost. The 
LTC®3785buck-boostcontrolleryieldsasimple, efficient, 
low parts-count, single-converter solution that is easy 
to implement, thus avoiding the drawbacks associated 
with traditional solutions. 

High Efficiency Controller Capabilities 

The LTC3785 serves applications requiring input and 
output voltages in the range of 2.7 to 10V— ideal for 
applications powered from one or two Li-Ion cells or 
multiple cell NiMH, NiCad or Alkaline batteries. It supports 
asingleinductor,4-switch,buck-boosttopology, which is 
ideal for an output voltage that is within the input voltage 



range. The high level of integration yields a simple, low 
parts-count solution. The LTC3785 provides for current- 
limit and shutdown in all modes of operation (which is 
not normally available with boost converters). 

Very high efficiency is achieved by synchronous recti- 
fication, high side drive (allowing the use of N-channel 
MOSFETs), RosmN) current sensing, and Burst Mode® 
operation for efficient light load operation. Protection 
features include soft-start, overvoltage, undervoltage 
and foldback current-limit with burp-mode or latch-off 
for extended faults. 

3.3V, 3A Converter Operates from 2.7V - 10V Source 

The circuit shown in Figure 1 utilizes the LTC3785 con- 
troller to produce a synchronous, 4-switch, buck-boost 
design. It provides a fixed 3.3V, 3A output from a 2.7V 
- 10V input. It is short-circuit protected: the controller 
offers a choice of recycling or latch-off protection for 
severe overload faults. 

IT, Lie, LT. LTM and Burst Mode are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their respective owners. 
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Figure 1 . Schematic of Buck-Boost Converter Using the LTC3785 to Provide 3.3V at 3A from a 2.7V to 10V Source 



The circuit produces seamless operation throughout the 
entire input voltage range, operating as a synchronous 
buck converter, synchronous boost converter, or a com- 
bination of the two through the transition region. At input 
voltages well above the output, the converter operates in 
buck mode. Switches Q1 A and Q1B commutate the input 
voltage, and Q2A stays on, connecting L1 to the output. As 
the input voltage is reduced and approaches the regulated 
outputvoltage, the converterapproaches maximum duty 
cycle on the input (buck) side of the bridge, and the output 
(boost) side of the bridge starts to switch, thus entering 
the buck-boost or 4-switch region of operation. As the 
input is reduced further, the converter enters the boost 
region atthe minimum boost duty cycle. Switch QIAstays 
on, connecting the inductor to the input while switches 
Q2A and Q2B commutate the output side of the induc- 
tor between the output capacitor and ground. In boost 
mode, this converter has the ability to limit input current, 
and also to shut down and disconnect the source from 
the output— two desirable features that a conventional 
boost converter cannot provide. Figures 2. 3 and 4 show 
input side and output side switch waveforms along with 
inductor current for buck (10V input), boost (2.7V input) 
and buck-boost (3.8V input) modes of operation. 
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Figure 2. Input Side and Output Side Switch Waveforms 
Along with Inductor Current for Buck (10V Input) Mode 
Operation for the Circuit in Figure 1 
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Figure 3. Input Side and Output Side Switch Waveforms 
Along with Inductor Current for Boost (2.7V Input) Mode 
Operation for the Circuit in Figure 1 
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Figure 4. Input Side and Output Side Switch Waveforms 
Along with Inductor Current for Buck-Boost (3.8V Input) 
Mode Operation for the Circuit of Figure 1 

95% Efficiency 

Figure 5 shows efficiency curves for both normal (not 
forced continuous conduction) and Burst Mode operation. 
Exceptional efficiency of 95% isachievedattypicalloads, 
resulting from sophisticated controller features includ- 
ing high side drivers and Rds(on) current sensing. Even 
higher efficiencies are possible by using a larger ferrite 
inductor. Thiscircuiteasilyfits in 0.6in2 with components 
on both sides of the board. The curves show how Burst 
Mode operation improves efficiency at extremely light 
loads— an important determinant of battery run time. 

Conclusion 

The LTC3785 is the latest addition to our class of buck- 
boost converters developed by Linear Technology to 
satisfy the requirements of battery-powered applications, 
specificallythose requiring an outputvoltagethat is within 
the input voltage range. Atopology based on the LTC3785 
controller overcomes the deficiencies of conventional 
designs. It is elegant in its simplicity, high in efficiency, 
and requires only a small number of inexpensive external 
components. 
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Figure 5. Efficiency in Normal and Burst Mode Operation 
for the Circuit in Figure 1 
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Zero-Drift Isense 




Resolve pAmps from Amps 



Reduce Rsense by 99% 



Our LTC®6102 zero-drift high side current sense amplifier has the precision to resolve microamps from amps of load current. 
Don't need ultra-high resolution? The LTC6102 offers equivalent resolution to other "precision" current sense amplifiers 
with a sense resistor that is 99% smaller. Lower sense resistance means more power to the load and less power wasted. 
Maximize resolution, minimize Rsense» ox pick a combination in between— the choice is yours. 



▼ Current Sense Amplifiers 



Info & Free Samples 
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NEW 
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Part 


LT®6106 


LT6105 


LTC6104 


LTC6103 
Dual 


LTC6102 
LTC6102HV 


LTC6101 
LTC6101HV 


LT6100 


LT1787 
LT1787HV 


Current Direction 


^=> 


^=> 




^=> 


^> 








Common Mode 
Voltage 


2.7V to 44V 


-0.3V to 44V 


4V to 70V 


4V to 70V 


4Vto 70V 
5V to 105V 


4Vto 70V 
5V to 105V 


4.1V to 48V 


2.5V to 40V 
2.5V to 65V 


Response Time 


3.5psec 


3.5psec 


1psec 


1psec 


1psec 


l^jsec 


40psec 


lOpsec 


Vos Max. 


250mV 


300mV 


450mV 


450pV 


lOpV 


300iJV 


300mV 


lOOpV 


Vos Drift 


1mV/°C 


1mV/°C 


1.5mV/°C 


1.5mV/°C 


50nV/°C 


ipvrc 


0.5V/°C 


0.5V/°C 


Ibias Max. 


40nA 


25mA 


170nA 


170nA 


3nA 


170nA 


lOpA 


20\i^ 


Gain 


R-SET 


R-SET 


R-SET 


R-SET 


R-SET 


R-SET 


PIN-SET 


BV/V 


PSRRMin. 


106dB 


lOOdB 


110dB 


110dB 


120dB 


118dB 


105dB 


120dB 



www.linear.com/6102 

1-800-4-LINEAR 




Download Linear Technology's 

Isense Application Note 
www.linear.com/currentsense 



jy; LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the properly of their 
respective owners. 
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9mm2 Monolithic Synchronous Quad Step-Down Converter 

Our growing family of synchronous buck regulators supports the increasing number of power rails in handheld applications. 
The LTC®3544, the latest device in this family, is a highly compact quad output buck solution, delivering 300mA, 2 x 200mA 
and 100mA outputs from a single input. All members of this family offer high efficiency, low quiescent current and low noise 
operation, as well as low profile, compact solutions. 



▼ Selected Multi-Output Synchronous Buck Converters 



Part No. 


Configuration 


V|N Range 


Output 
Current (A) 


VOUT 

IVIin. (V) 


Switcliing 
Frequency 


Quiescent 
Current Iq(pA)* 


Paclcage 


LTC3547/B 


Dual Synch Step-Downs 


2.5V to 5.5V 


0.3x2 


0.6 


2.25MHz 


40 


2mm X 3mm DFN-8 


LTC3407/A 


Dual Synch Step-Downs 


2.5V to 5.5V 


0.6x2 


0.6 


1.5MHz 


40 


3mm X 3mm DFN-10, 
MSOP-10E 


LTC3419 


Dual Synch Step-Downs 


2.5V to 5.5V 


0.6x2 


0.6 


2.25MHz 


35 


3mm X 3mm DFN-8, 
MSQP-10 


LTC3548/-1/-2 


Dual Synch Step-Downs 


2.5V to 5.5V 


0.8, 0.4 


0.6 


2.25MHz 


40 


3mm X 3mm DFN-10, 
MSQP-10E 


LTC3407-2/-3 


Dual Synch Step-Downs 


2.5V to 5.5V 


0.8x2 


0.6 


2.25MHz 


40 


3mm X 3mm DFN-10, 
MSQP-10E 


LTC3417A 


Dual Synch Step-Downs 


2.25V to 5.5V 


1.5,1 


0.8 


2.25MHz 


125 


3mm X 5mm DFN-20, 
TSSOP-20E 


LTC3446 


Single Synch Step-Down + 
Dual VLDOs 


2.7 to 5.5V 


1.0,0.3,0.3 


0.4 


2.25MHz 


140 


3mm X 4mm DFN-14 


LTC3545 


Triple Synch Step-Downs 


2.25V to 5.5V 


0.6x3 


0.6 


2.25MHz 


58 


3mm X 3mm QFN-16, 
MSOP-10E 


LTC3544/B 


Quad Synch Step-Downs 


2.25V to 5.5V 


0.3,2x0.2,0.1 


0.8 


2.25MHz 


70 


3mm X 3mm QFN-16 


LTC3562 


I^C Quad Synch Step-Downs 


2.7V to 5.5V 


2x0.6, 2x0.4 


0.6 


2.25MHz 


100 


3mm X 3mm QFN-20 



Info & Free Samples 



www.linear.com/3544 

1-800-4-LINEAR 



Free Portable 
Solutions Brochure 



www.linear.com/portsolutions 



XT LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the properly of their respec- 
tive owners. 
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CPLD's internal oscillator 
performs autocalibration 

Rafael Camarota, Altera Corp, San Jose, CA 



The MAX II CPLD family from 
Altera (www-alteraxom) fea- 
tures an internal oscillator that dissi- 
pates much lower power than do ex- 
ternal oscillators- The internal oscil- 
lator has an accuracy of only ±25%, 
sometimes limiting its usage- For ex- 
ample, many applications, such as an 
interval timer for data gathering and 
a real-time clock, require more accu- 
racy — ±0-1 and ±0-001%, respective- 
ly. A simple circuit uses an external 
crystal oscillator to calibrate a timer to 
better than ±03% accuracy- The in- 
ternal oscillator sustains the calibrated 



output even after you shut down the 
external oscillator to save power. The 
circuit maintains this accuracy as long 
as the V^^ and temperature are stable. 
Whenever you enable the external os- 
cillator, the circuit quickly recalibrates 
if necessary. 

A remote industrial sensor should 
sample an event every second. To save 
power, a timer powers down most of 
the sensor circuit most of the time to 
increase battery life. The system pow- 
ers up for a short sample; then, the 
system, except for the CPLD, powers 
down, which times the period to the 
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Figure 1 This internal CPLD counter first synchronizes with an external clock 
to ±0.3% accuracy and stays at that frequency until reset. 



DIs Inside 

64 Swapping bits innproves 
performance of FPGA-PWM 
counter 

66 Relays elinninate 
high-voltage noise 

70 VHDL program enables 
PCI-bus-arbiter core 

What are your design problems 
and solutions? Publish them here 
and receive $1 50! Send your 
Design Ideas to edndesignideas® 
reedbusiness.com. 

next power-up, sample, and calibration. 
Most of the components of a wireless 
receiver in a power-saving mode power 
down; however, the CPLD timer and 
wake-up mode stay on for monitoring 
and calibration. 

Figure 1 shows a simple circuit with 
a crystal oscillator with typical ± 100- 
ppm accuracy; an EPM240 CPLD with 
a ±25%'accurate, 4-4'MHz internal 
oscillator; and an autocalibration cir- 
cuit in the programmable- logic array 
that generates a ± 0.3 accurate, 10- 
kHz clock. For simplicity, the figure 
omits the external oscillator's V^^^ 
power-down or enable circuit and the 
application logic using the lO-kHz 
clock. The 33.33'MHz clock drives a 
reference counter, which is a divide- 
by'3333 LPM (library-of-parameter- 
ized-macros) counter. You derive LPM 
blocks from Altera's Quartus II LPM. 
The COR (carry-out-reference) sig- 
nal feeds back to the count-enable in- 
put such that the COR signal stays at 
one after reaching the 3333 count until 
you apply the reset signal. The divide- 
by'3333 counter generates a O.l-msec 
reference period. The 4-4'MHz LPM 
oscillator drives all other clocks in 
the autocalibration circuit: the source 
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counter, a lO-bit counter with a power- 
up asynchronous reset; a synchronous 
reset; and a lO-bit output source. The 
4-4'MHz clock also drives the lO-bit 
up/down-adjust counter that presets to 
333 at power-up- It has an enable input, 
an up/down-control' input signal, and 
a lO'bit output adjustment- The adjust 
and source drive the inputs of the com- 
pare LPM that generates a one on the 
COC (carry-out-from-comparator) sig- 
nal when adjust equals the source- The 
COC signal drives the synchronous 
input of the source counter, making 
it a free-running counter with a peri- 
od equal to the adjustment signal An 
LPM register converts the COC signal 
into a synchronous, 10-kHz pulse when 
you calibrate the system. The control- 
logic block generates enable, up/down, 
and synchronous-reset output signals 
based on the COC and COR inputs- 

Figure 2 shows the operation of the 
control-block state machine- It also il- 
lustrates how the 10-kHz signal cali- 
brates to the oscillator input- The sys- 
tem powers up in the start state, and 
the source and reference counters both 
start counting. Adjust starts at 333, the 
minimum count that the slowest vari- 
ation of the LPM oscillator would re- 
quire to generate a 10-kHz clock. The 
COR signal typically goes high before 
the COC signal. This action moves 
the state machine to the slow state, 
enabling the adjust counter in the up 
mode. It counts up from 333 until the 
source equals the reference, removing 
most of the difference between adjust 
and the value necessary to achieve cal- 
ibration. Once the source equals the 
reference, the state machine moves to 
the calibrate state. Calibrate disables 
the adjust counter and resets the refer- 
ence counter. The free-running source 
counter resets at the same time. 

The COR signal will likely occur 




Figure 2 This state machine shows the transitions of the control block in Figure 1 . 



again before the COC signal and will 
repeat the last sequence. Eventually, 
the COC signal will happen before 
the COR signal, moving the state ma- 
chine to the sustain state. In this state, 
the adjust counter is disabled. Once 
the COR signal goes high, the COC 
signal comes around again, making the 
COC and COR signals ones. The state 
machine then goes to the fast state. 
Fast enables the adjust counter in the 
down mode, resets the reference coun- 
ter, and then goes to start. The free- 
running source counter resets at the 
same time. 

When you calibrate the circuit, the 
COR and COC signals occur at the 
same time, and the state machine goes 
to the calibrate state. The adjust coun- 
ter remains constant, the source coun- 
ter resets, and the state machine moves 
to start. Meanwhile, the free-running 
source counter resets. The system stays 
in this calibrated loop with an occa- 
sional cycle through slow or fast to 
make minor adjustments to the adjust 
counter. If the external oscillator stops, 
the COR signal stays low, resulting in 



the state machine's staying in the sus- 
tain state until the external clock starts 
again. In the sustain state, the 10-kHz 
output stays constant assuming no sig- 
nificant change in system temperature 
orV^^. 

The following equations set the 
reference-count, adjust, and source- 
counter bit width; the adjust-coun- 
ter start value; and the output-fre- 
quency accuracy: Adjust and source 
bit width=log2(5,555,555/output fre- 
quency) rounded up; adjust-start val- 
ue=3,333,333/output frequency; refer- 
ence-counter period = external-oscilla- 
tor frequency/output frequency; out- 
put-frequency error = ± l%/(3,333,333/ 
output frequency); maximum output 
jitter= ± 1/3,333,333 sec; and maxi- 
mum calibration time = output fre- 
quency X5. 

You can achieve accuracy better than 
±0.3% with a slower output frequen- 
cy, but it cannot exceed the accuracy 
of the external oscillator. Therefore, 
you can build a real-time clock with a 
0.01 -second resolution and ±0.003% 
accuracy. EDN 



Swapping bits improves 
performance of FPGA-PWM counter 

Stefaan Vanheesbeke, Ledegem, Belgium 



When you need some analog 
outputs and you have an FPGA 



in your system, you probably choose to 
use a PWM module and a simple low- 



pass filter such as those in Figure 1 . The 
output of the FPGA is typically a wave- 
form with a fixed-frequency, variable- 
duty cycle, which a counter and a digi- 
tal comparator generate (Listing 1). 

Suppose that Enable is high, the 
counter counts up every clock cycle. 
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BEST SNR AND SFDR 12-BIT, 
250Msps ADC FAMILY 

Pin-Compatible 8-/1 0-/1 2-Bit ADC Family for Broadband Communications 

BEST SNR AT ANY INPUT FREQUENCY BEST SFDR AT ANY INPUT FREQUENCY 
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ADC 



DSP y 



Part 


Resolution 
(Bits) 


Speed 
(Msps) 


No. of 
Channels 


SNR (dB) 
fiN =100IVIHz, -IdBFS 


SFDR (dBc) 
fiN = 100IVIHz, -IdBFS 


Integrated 
Buffer 


Power 
(mW) 


Interface 


MAX1215N 


12 


250 


1 


66.7 


85 




886 


LVDS 


MAX1214N 


12 


210 


1 


67 


81 




799 


LVDS 


MAX1213N 


12 


170 


1 


672 


87 




720 


LVDS 


MAX1215/14/13 


12 


250/210/170 


1 


65.5/65.6/65.5 


70.7/74/68 


✓ 


1006/820/788 


LVDS 


MAX1219/18/17 


12 


210/170/125 


2 


66.6/67.1/67 


81/82/85 




1600/1400/1300 


LVDS 


MAX1 9542/41 


12 


170/125 


1 


64.3/65 


73/77 


✓ 


907/861 


CMOS 


MAX1 124/23/22 


10 


250/210/170 


1 


56.8/574/57.1 


71/74.5/72 


✓ 


477/460/460 


LVDS 


MAX1121 


8 


250 


1 


48.8 


68 


✓ 


477 


LVDS 



\0i 
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www.maxim-ic.com/FastADC 
FREE High-Speed ADCs, DACs, & AFEs Design Gaiis— Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.-5:00 p.m. PT) for a Design Guide or Free Sample 
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LISTING 1 FPGA OUTPUT 



module pwm(Clk, Reset, Enable, Value, Out) ; 

parameter CountBits = 8; 

input Clk, Reset; 
input Enable; 
output Out; 

input [CountBits-1 : 0] Value; 

reg [CountBits-1 : ] Count; 

assign Out = Count < Value; 

always @ (posedge Clk or posedge Reset) 
if (Reset) 

Count <= 0; 
else 

if (Enable) 

Count <= Count + 1; 

endmodule 



LISTING 2 REWIRING MODIFICATION 



module pwm(Clk, Reset, Enable, Value, Out); 
parameter CountBits = 8; 



input Clk, Reset; 
input Enable; 
output Out; 

input [CountBits-1 : 0] Value; 



reg 



[CountBits-1 : 0] Count; 



reg [CountBits-1 : ] Swapped; 
integer k; 
always (§* 

for (k =0; k < CountBits; k=k+l) 
Swapped[k] = Count [CountBits-l-k] ; 

assign Out = Swapped < Value; 

always (§ (posedge Clk or posedge Reset) 
if (Reset) 

Count <= 0; 
else 

if (Enable) 

Count <= Count + 1; 

endmodule 



and the frequency of the PWM out- 
put is the clock frequency divided by 2 
count bits. You can use Enable to low- 
er the output frequency by connecting 
it to a prescaler. Because the output 
frequency is fixed, the filter is easy to 



DIGITAL 
OUTPUT 



FPGA 



R 



R 



-OVo 



Figure 1 A simple lowpass filter changes the PWM digital output from an FPGA 
to an analog voltage level. The maximum ripple occurs at a 50% duty cycle. 



LISTING S SIMULATION RESULTS 



Simulation results : 



Testi 
Testi 
Testi 
Testi 
Testi 
Testi 
Testi: 
Testi 
Testi 
Testi 
Testi 
Testi 
Testi 
Testi 
Testi 
Testi 



0000000000000000 
0000000000000001 
0000000100000001 
0001000100000001 
0001000100010001 
0101000100010001 
0101000101010001 
0101010101010001 
0101010101010101 
1101010101010101 
1101010111010101 
1101110111010101 
1101110111011101 
1111110111011101 
1111110111111101 
1111111111111101 



calculate, because you know that the 
worst-case ripple happens at a duty 
cycle of 50%, The combination of the 
desired maximum ripple and settling 
time determines the filter type and RC 
(resistance/capacitance) values- 

With a small change to the code in 
Listing 1 , you can improve the perform- 
ance of the PWM circuit. Whereas in 
the original system, the maximum rip- 
ple currents occur at a duty cycle of 
50% and the minimum ripple currents 



occur at the minimum duty cycle, the 
improved version shows a maximum 
ripple equal to the minimum of the 
standard version. The trick is to gener- 
ate the highest frequency possible but 
keep the average duty cycle constant. 
The higher the frequency of the puls- 
es on the output, the better the filter 
does its job. 

The modification to Listing 1 con- 
sists of rewiring the binary comparator 
with all the bits swapped from left to 
right. The MSB (most significant bit) 
becomes the LSB (least significant bit), 
the LSB becomes the MSB, and so on 
(Listing 2). You do only a rewiring re- 
quiring no extra registers or logic. 

Listing 3 shows the pulse trains that 
a 4'bit PWM emits. In Listing 3, you 
see that at 50% duty cycle (Value=8, 
second column), the frequency is max- 
imum and equal to the clock frequen- 
cy divided by two. At the first point 
at which some ripple shows up (Val- 
ue = 1, second column), there is exactly 
the same ripple as in the conventional 
PWM system — that is, the pulse train 
is the same.EDN 



Relays eliminate high-voltage noise 

Jui-I Tsai, Woei-Wu Pai, Feng-Chang Hsu, 

Po-Jui Chen, Ching-Cheng Teng, and Tai-Shan Liao, 

National Applied Research Laboratories, Hsinchu, Taiwan 



Most laboratories and indus- 
trial environments have many 
kinds of electrical-noise sources at all 
frequencies from heavy machinery, in- 



struments, power supplies, and TV sta- 
tions. Engineers have used many simple 
devices and techniques to handle this 
noise. These techniques include the use 



of proper grounding methods, shielded 
and twisted wires, signal averaging, dif- 
ferential-input-voltage amplifiers, and 
filters. Although these methods can 
control and reduce the noise in most 
measurements, some techniques just 
prevent noise from entering the system, 
whereas others remove only extraneous 
noise from the signal. These methods 
usually find use only in low- voltage sys- 
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PROVEN ELECTRONIC 
ACTHENTICATION SOLCTIONS 

Protect Your Development Investment 

The DS28CN01 is the latest addition to our wide range of low-cost*, well-tested, and proven authentication 
solutions. Authentication options range from customization of the unique serial number that is factory- 
lasered into each device (providing controlled-procurement access) to secure crypto-strong FIPS 180-1/2 
and ISO/IEC 10118-3 SHA-1-based challenge and response for bidirectional authentication. 



PRINTER 
TONER/INK 
CARTRIDGES 





PORTABLE 
MEDIA PLAYERS 



MEDICAL INSTRUMENT 
PROBES/SENSORS 




Mr 

HW/SW License Management 
!♦ Soft Feature-Setting Control 
♦ System Copy/Clone Protection 
V Safety/Quality Assurance 





FOR IWORE INFORIWATIOM 
www.maxim-ic.com/Protect 



Part 


Description 


Interface 


Authentication Feature 


DS28CN0r* 


1kb EEPROMwith SHA-1 


|2C/SMBus™ 


Bidirectional SHA-1 challenge and response 


052432'^'^ 


1kb EEPROMwith SHA-1 


1-Wire® 


Bidirectional SHA-1 challenge and response 


DS28E01-100'^* 


1kb EEPROMwith SHA-1 


1-Wire 


Bidirectional SHA-1 challenge and response 


DS2401/DS2411 


64-bit ROM serial number 


1-Wire 


Customized 64-bit ROM 


DS28CM00 


64-bit ROM serial number 


|2C/SMBus 


Customized 64-bit ROM 


DS2431 


Ikb EEPROM 


1-Wire 


Customized 64-bit ROM, WP/OTP modes 


DS2460** 


SHA-1 coprocessor 


|2C 


Secure storage of system secrets 



SMBus is a trademark of Intel Corporation. 

1-Wire is a registered trademark of Dallas Semiconductor Corp. Dallas Semiconductor is a wholly owned subsidiary of Maxim Integrated Products, Inc. 

*Authentication solutions starting as low as $0.15 for consumer-electronics volumes. Prices provided are for design guidance and are FOB USA. International prices will differ due to 
local duties, taxes, and exchange rates. Not all packages are offered in Ik increments, and some may require minimum order quantities. 
**Data sheet provided under NDA. 
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HIGH 
VOLTAGE 



5V 





terns; they do not address high-voltage- 
induced noise- This Design Idea offers 
a practical approach to reducing high- 
voltage- induced noise. The floating in- 
put of a scanning electron microscope 
has high impedance, and it acts as an 
antenna, picking up noise signals. The 
microscope's actuators need a high- 
voltage signal to drive their piezoelec- 
tric slip-stick stack motors. The mo- 
tion mechanism requires a ramping 
waveform spanning to 800V p-p. The 
mechanism requires multiple channels 
because there are three degrees of tip 
motion. Some microscopes incorporate 
optical-path-adjustment microslid- 
ers for atomic-force microscopy; those 
scopes need even more channels. 

Traditionally, each channel needs a 
high- voltage amplifier. So, two degrees 
of tip motion need two high-voltage 
amplifiers, three degrees need three 
amplifiers, and so on. High-voltage am- 



plifiers are expensive and need consid- 
erable space on the PCB (printed-cir- 
cuit board), however. Therefore, con- 
trolling multiple degrees of tip motion 
using only one high-voltage amplifier 
that switches among multiple chan- 
nels saves cost and space. The pins of 
high-voltage connectors have enough 
space between them to avoid disturb- 

THE FLOATING INPUT 
OF A SCANNING 
ELECTRON MICRO- 
SCOPE HAS HIGH 
IMPEDANCE, AND IT 
ACTS AS AN ANTEN- 
NA, PICKING UP 
NOISE SIGNALS. 



ing adjacent signals. But high- voltage 
connecters are expensive and too large 
to easily arrange. So, the best choice is 
to use a commercial RS-232-standard, 
nine-pin/25 -pin connector (Figure 1). 
The pins of most commercial RS-232 
connectors are close enough together 
to easily pick up induced high-voltage 
signals. You can solve this problem by 
connecting a low impedance to the 
floating pins of the RS-232 connector. 

In this circuit, three piezoelec- 
tric motors, PZp PZ^, and PZ^, con- 
nect to the Tp Tg, and T^ pins of the 
RS-232-9T connector. The circuit has 
three relays that switch the high-volt- 
age input to the piezoelectric motors. 
The normally open node of the relays 
connects to the high-voltage-amplifier 
output. The normally closed nodes of 
the relays connect to three 1-kIl re- 
sistors to bypass high-voltage-induced 
noise to ground.EDN 
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INDUSTRY'S SMALLEST 25A, STEP-DOWN 
DC-DC COMES IN AN 8mm x 8mm TQFN 

Internal MOSFETs Minimize Board Space, Reduce EMI, and Simplify Layout 

The unique MAX8655 is a fully integrated, step-down DC-DC converter that uses peak-current-mode 
control at up to 1.2MHz switching to work with all types of output capacitors. The 8mnn x 8mm TQFN 
package is only 0.8mm high, which is ideal for applications requiring high-power density 
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EXTERNAL SYNC I 
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POWER-GOOD ^ 

CURRENT-LIMIT MODE , 
(LATCHOFFORAUTORECOVERY) 
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SYNC OUT 

>I/I>JXI>I/I 

MAX8655 
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GND 



SS 



BST 
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CS- 
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J± 



V 



Maxim Outperforms the Competition 



Feature 


IVIAX8655 


Competition 


Output Current (A) 


25 


20 


Input Voltage Range (V) 


4.5 to 28 


12 


Package (mm x mm) 


8x8 


14x14 



Highly Flexible 

♦ 25A Output Current 

♦ IVIonotonic Output Voltage Rise at Startup 

♦ ±1% Output Voltage Accuracy over Temp 

♦ Adjustable Overvoltage Protection 

♦ 180° Phase-Shifted Clock Output 

♦ Externally Synchronizable Frequency 

♦ Programmable Slope Compensation 

t10k-up recommended resale, FOB USA. 



for Your Designs 

♦ Adjustable Overcurrent Limit 

♦ Adjustable Foldback Current 

♦ Selectable Current-Limit Modes: 
Latchoff or Autorecovery 

♦ Output Sources and Sinks Current 

♦ Short-Circuit and Thermal Protection 

♦ Accurate Current Sensing 

♦ Pricing Starts at $3.78t 
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VH DL program enables 
PCI-bus-arbiter core 

Antonio Di Rocco, Selex Communications, Chieti, Italy 

This Design Idea describes a out FGPA- or PLD-library intellectual 

property- 

The PCI bus supports more than 
one master device- If only one master 
requests the bus, that master immedi- 
ately gets the grant. If several devices 
simultaneously require the use of the 
PCI bus to perform a data transfer, 
they assert their request signal, REQ_ 
N, to the arbiter. The one with highest 
priority gets the GNT_N grant. After 
that, the one with the second highest 
priority has the highest priority, and 
so on. The PCI_RST assertion resets 
the arbiter's priority-shift register to 
device 0. 

The PCI bus has no puUups on the 
AD bus and C/BE lines. To avoid hav- 
ing these signals float for a long peri- 
od, PCI designs must implement bus 
parking, meaning that a master device 
drives the AD bus and C/BE lines dur- 
ing bus'idle states. The arbiter selects 



VHDL implementation of a 
PCI 2.2'bus arbiter (Figure 1). Any 
PCI system may have one or more 
PCI-master devices. Most devices can 
behave as target hosts, but one must be 
a PCI'bus initiator, or master. Normal- 
ly, only microprocessors or high-level 
DSPs perform both PCI master and 
target modes, and they may include a 
PCI arbiter. Listing 1, a simple VH- 
DL program, is available at www.edn. 
com/0709 13di. It performs an arbitra- 
tion function by enabling access to 
the PCI bus depending on the prede- 
termined priorities of each PCI device. 
The PCI-arbiter core interfaces with 
33- and 66-MHz PCI systems, supports 
as many as six PCI-bus masters, sup- 
ports "bus parking," enables a pure ro- 
tational-arbitration scheme, supports 
bus latency and broken masters, and 
is a synthesizable VHDL source with- 



PCLRST 


PCI 
ARBITER 


GNT_N(5:0)^ 


PCI CLK 


FRAME_N 


IRDY_N 




REQ_N(5:0) 





Figure 1 This PLD/FPGA-based 
PCI-bus arbiter grants bus 
requests based on a simple 
rotational-priority scheme. 



which master will be park master. The 
arbiter asserts GNT_N of the park mas- 
ter, even though the park master did 
not assert REQ_N. The constant "Bus_ 
parker" in the VHDL code defines the 
park master. After a device has access to 
the PCI bus, this device must start the 
bus access within 16 PCI clock cycles. 
If this start-up does not happen, the 
device loses the bus grant, and the de- 
vice with the next highest priority gets 
the bus. To check bus latency, the arbi- 
ter must check the signals FRAME_N 
and IRDY_N. The PCI-arbiter core fits 
into any PLD or FPGA and consumes 
few resources.emN 



8-bit Magnetic Rotary Encoder ICs r 

Contactless alternative to mechanical rotary switches 



AS5030 



Absolute position outputs I 
Zero position programmable ^ 
Push-button feature 

I 

Daisy chain function . 



-3 




AS51 30 

Low power mode 
Multi-turn detection 
Automatic wake-up 
AEC-Q100 certified 





West Coast (408) 345-1790 East Coast (919) 676-5292 
www.austriamicrosystems.com 
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Tiny Boost Regulator Provides Ease-of-Use 
and High Output Current 



LM2735 Delivers 2.1A Switch, Internal Compensation in Tiny Packages 



Typical Application Circuit 
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Efficiency vs Load Current Vquj = 12V 
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Features 

High Output Current 

• 2.1 A Switch current over full temperature range 

• Boost from 5V to 12V at 700 mA 
Easy-to-Use, Small Solution Size 

• Internal compensation allows for ease-of-use and minimal external components 

• 1.6 MHz operating frequency uses tiny passive components 

• SOT23-5, LLP-6, and eMSOPS packages ideal for space constrained applications 



SOT-23 Boost Regulators 

Product ID V||\i Range Switch Current | Vqut Max | Frequency | Ideal For 



Package 





LM2731 


2.7V to 14V 


1.4A 


22V 


600 KHz 
1.60 MHz 


XDSL modem, portable devices, white LED 
current sources 


S0T23-5 




LM2733 


2.7V to 14V 


1A 


40V 


600 KHz 
1.60 MHz 


TV tuners, set top boxes, white LED current 
sources 


S0T23-5 




LM2735 


2.7V to 5.5V 


2.1A 


24V 


520 KHz 
1.60 MHz 


LCD and OLED displays for portable applications, 
USB powered devices, white LED current source 


S0T23-5 

LLP-6, 

eMSOP-8 



For FREE samples, datasheets, online design tools, 
and more, visit us today at: 



power.national.com 



Or call 1-800-272-9959 
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supplychain 



LINKING DESIGN AND RESOURCES 



Start-up customers: diamonds in the rough 



A diamond in the rough 
may be a hard find, 
but Avnet Electronics 
Marketing (Avnet EM, www. 
em.avnet.com) believes it is 
worth the search. Avnet EM 
recently set out on such a 
search and came across Black 
Diamond Advanced Technolo- 
gy (www.bdatech.com) and its 
SwitchBack Ultra Mobile PC. 

The SwitchBack targets the 
commercial and industrial seg- 
ment, and Black Diamond de- 
signed and built it to withstand 
intense shock, moisture, vibra- 
tion, dust, and extreme temper- 
atures. Weighing three pounds 
and measuring 7.5X5.5X2 in., 
the SwitchBack allows users to 
add devices to it with its cus- 
tomized BackPack Module. 

With such a unique product 
and being a small start-up, says 
Justin Dyster, president and 



co-founder of Black Diamond, 
it was initially hard for the com- 
pany to find backing and sup- 
port. "When companies came 
by to see us, there was a lot 
of skepticism. Avnet saw the 
vision of what we were doing 
early on and helped us over- 
come some of those hurdles." 

Steve Markey an Avnet ac- 
count manager with the distrib- 
utor for more than 20 years, first 
found Black Diamond. Armed 
with his electronics-supply- 
chain expertise and contacts, 
he began working with Black 
Diamond from day one. 

"Black Diamond was as 
small as you can get," says Joe 
Tillison, technical marketing di- 
rector at Avnet EM. "[Our] ac- 
count manager . . . was able to 
use his relationship and con- 
tacts in the industry to bring 
in the right reps and the right 



suppliers to get what [Black 
Diamond] needed." 

Tillison cites Avnet EM's link 
to Toshiba (www.toshiba.com), 
the supplier of the Switch- 
Back's sunlight-readable dis- 
play, and the distributor's in- 
troduction of Black Diamond 
to Intel (www.intel.com), which 
led to the use of its technol- 
ogy in an Intel-commissioned 
motorcycle for an episode of 
American Chopper. 

Tillison notes that work with 
start-ups doesn't always turn 
out to be successful. But some 
do. "And when we can pick the 
winner and work closely with 
[it], it's a benefit to us. We grow 
with [it]." 

Black Diamond expects vol- 
ume to surpass 3000 units 
a year and estimates the 
Switch Back's starting price at 
$5000. 



N RWAY PC H S CASTS Wl D E N ET 



Norway is casting a wide net with its latest 
environmental directive, a set of ROHS (restric- 
tion-of-hazardous-substances)-like rules that 
aim to restrict or ban 1 8 substances used in 
consumer goods. 

Norway's POHS (prohibition on certain haz- 
ardous substances) in consumer products is 
similar to the EU's (European Union's) ROHS 
directive. Yet, it is vastly different. Of the 1 8 sub- 
stances POHS looks to restrict or ban, only lead 
and cadmium are common to EU ROHS, which 
restricts or bans six substances. EU ROHS 
also applies directly to electrical and electronic 
equipment; POHS targets consumer equip- 
ment, which it defines as "any product that is 
intended for consumers or that can reasonably 
be expected to be used by consumers." Of spe- 



cific threat to the electronics supply chain is the 
possible blacklisting of GaAs (gallium arsenide) 
through the proposal's arsenic restriction. 

POHS will apply only to trade in Norway 
However, unless under exemption, electron- 
ics producers selling into the country that have 
collected EU ROHS-compliance certificates 
will need to again obtain certification from sup- 
pliers certifying that components use none of 
the 18 POHS substances. 

The Norwegian proposal aims for implemen- 
tation as an additional chapter in the Norwe- 
gian Product Regulations legislation and is cur- 
rently the subject of public consultation. POHS 
adoption is scheduled for Dec 1 5, 2007, and 
the directive is expected to come into force on 
Jan 1 , 2008. 



OUTSOURCING ! 
BY OEMs : 
PUSHES EMS, ! 
ODM GROWTH '/ 

Current dynamics in the 

electronics-contract-manu- 
facturing market point to fur- 
ther outsourcing by OEMs 
(original-equipment manu- 
facturers), and, as a result, 
both EMS (electronics-man- 
ufacturing-service) providers 
and ODMs (original-design 
manufacturers) will enjoy 
steady growth through 201 3, 
according to Frost & Sullivan 
(www.smt.frost.com). 

Research from the com- 
pany finds that the EMS 
market saw sales of $ 1 90 
billion in 2006 and estimates 
that figure will reach $387.42 
billion in 2013. Meanwhile, 
the research shows that the 
ODM market earned lower 
revenues of $ 1 00.65 billion 
in 2006 but estimates that 
those revenues will more 
than double to reach $219 
billion in 2013. 

Frost & Sullivan points to 
increased outsourcing from 
automotive and communi- 
cation industries and new 
outsourcing opportunities 
from the likes of aerospace 
and defense as likely drivers 
of the future growth for the 
EMS market. 

The company notes that 
design expertise represents 
a primary growth factor for 
ODMs, especially in markets 
such as consumer electron- 
ics, in which OEMs often 
seek ODMs as strategic 
design partners. 
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Accelerating the Speed of Design." 
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Avnet, your one solution for design creation. 

Avnet Memec focuses on a select number of leading suppliers to provide original 
equipment manufacturers (OEMs) with the technical expertise you need in designing 
cutting edge products. 

With factory trained and certified technical support, Avnet Memec specialists offer 
a level of technical depth that is unmatched in the industry. That translates into 
faster time to market for you, our valued customer. And it keeps getting better. 
Avnet is ranl^ed Best-ln-Class* for seminars, technology, education and training, 
as well as design and engineering services. We deliver: 

> Proactive Engineering Support 

> Factory Certified FAEs 



Accelerate Time to Market.™ 
Visit the Avnet Design Resource 
Center™ at: www.em.avnet.com/drc 



^mAVNET 

= Memec 




1 800 408 8353 
www.em.avnet.com 



Avnet Green Initiative 



*As rated by Hearst Electronics Group, 2006 The Supplier Interface Study. 
©Avnet, Inc. 2007. All rights reserved. AVNET is a registered trademark of Avnet, Inc. 
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SENSORS AND TRANSDUCERS 





Also from 
Speeding Edge: 

RECENTLY RELEASED! 



Lee Ritchey's renowned 
Two-Day & Three-Day 

High Speed PCB and 
System Design public 
classes to be offered 
in two locations: 

2- Day Class 

October 15-I6, Hilton Suites Toronto 
Markham Conference Center, 
Markham, Ontario. ''"''Early registration 
discounf'''-$l,195.00 (U.S. Dollars) 
if registered by October 1, 2007; 
$1,295.00 after October 1,2007. 

3- Day Class 

December 10-12, 2007, Signal Integrity 
and High Speed System Design 
Class in Copenhagen, Denmark. 
For more information, please go to 

www.axcon.dk/lee 

y 



Right The First Time, 
A Practical Handbook 
on High Speed PCB 
and System Design 
Volume 2. 

Right the First Time, 
A Practical Handbook 
on High Speed PCB 
and System Design 
Volume 1. 

Current Source 
Newsletter 

On-site classes 

Engineering consulting 



If it's current technology, it's high speed 

To learn more about these classes and to register, please visit 
our website at www.speedingedge.com 



LVDT-position transmitters 
operate in hostile environments 

Targeting position monitoring and feedback, 
the hermetically sealed HIS/R 750 loop-pow- 
ered LVDT (linear-variable-displacement'transduc' 
er)-position'transmitter series functions in hostile en- 
vironments and suits mechanical-position measure- 
ment in which you can make a hard connection to a 
test piece- The devices' 4- to 20-mA-current-loop I/O 
enables field integration with PLCs (programmable- 
logic controllers), digital indicators, host-computer- 
based data processing, and QC (quantum-cryptogra- 
phy) data-collection systems- Configurable for loop- 
powered, two-wire sourcing inputs or externally pow- 
ered, three-wire sourcing outputs, the devices suit I/O 
requirements in various applications. Features include 
±0-10% linearity for precision measurement and 
0.25% maximum-linearity error of the full-range out- 
put using a statistically best-fit straight line derived 
by the least-squares method- The HIS/R position transmit- 
ters measure 2.5 to 500 mm with a 19-mm diameter and costs 
$591 to $900, depending on options- 
Macro Sensors, www.macrosensors.com 



Analog accelerometer integrates a 
MEMS sensor and CMOS-interface chip 

An addition to the vendor's low-g linear-accelerometer 
line, the two-axis LIS244AL analog accelerometer com- 
bines a dual-axis MEMS (microelectromechanical- systems) 
sensor and a CMOS-interface chip providing two simultaneous, 
real-time analog outputs- The outputs feature a lateral output 
for the side-to-side direction and a longitudinal output for for- 
ward and backward directions- The device has a 10,000g shock 
survivability and provides a ±2g full-scale output range. In a 
4X4X L5-mm package, the LIS244AL costs $230 (10,000). 
STMicroelectronics, www.st.com 

RTD temperature-sensor family has a 
variety of resistance values 

The nickel-thin-film RTD (resistance-temperature-de- 
tector) sensors provide a large change resistance in re- 
sponse to temperature changes. The sensors feature 100, 120, 
500, and 1000H resistance values. Available temperature coef- 
ficients include 6180 ppm, suiting DIN 43760; 6370 ppm, suit- 
ing the HVAC curve; and 6720 ppm, suiting ANSI standards. 
The nickel-thin-film RTD sensor costs $2 (5000). 
DWM & Associates, www.dwmai.com 
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This advertising is for ne 
and current products. 



Embedded Modems 

It's Radicom for reliable, high-performance, 
simple to implement Serial TTL, RS232, USB, 
PC/1 04 and RF wireless modems, 
competitively priced. 



Featured - 
RJ-1 1 TinyModem ' 
Data/Voice/Fax 
0.66"xl.25"x0.75" 
300 bps to 56k bps 



Count on Radicom to reduce time-to-market, 
lower cost, and improve product quality. 

^Radicom 

Affordable Modem Technology 

' salesQradl.com | www.radi.com 408-383-9006 x1 1 2 



PULSE GENERATORS 
AND ACCESSORIES 



on 




General purpose pulsers 

* High speed pulsers 

* Pulsed laser diode drivers 

* Constant current pulsers 

* Impulse generators 

* Frequency dividers 

* Semiconductor testers 

* High voltage function generators 

* Pulse amplifiers, accessories, and more! 

Many models are available with IEEE-488.2 GPIB 

and RS-232 computer control ports. 

For data sheets, pricing & application notes, visit 

WWW. a vtech pulse, com 



GIGA-SNAP BGA 
SOCKETS AND ADAPTER* 




Giga-snaP BGA SMT Adapters allow 
affordable socketing. Request our 
free Catalog/CD today. 

• Ultra low insertion force 

• GHz bandwidth 

• Same CTE as PCB 

• Maximum solderability 

• Up to 2000 pins 

• 0.8 to 1 .27mm pitch 

• Industry's toughest socket 

Ironwood Electronics 

1-800-404-0204 
www.ironwoodelectronics.com 



E[ 



Networked, x86 Graphic LCD controller 
with Ethernet, CFFAT16, 24-bltADC, 
DAC, solenoid drivers, and relay. 




4.2x3", Program in C/C++ 
192x128 pixel (71x54 mm) 
monochrome grapliic LCD, 6 Keys 
100IVI Base-T Ethernet, 2 RS232, I/O, RTC 
16 ch 24-bit ADC and 4 ch 16-bit ADC 
8 ch. 16-bit DAC and 2 ch 12-bit DAC 
CompactFlash card with FAT file system support 
Solenoid drivers and Reed Relay 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, PC-104,CF, LCD, DSP motion control, 10 UARTs, 
300 l/Os. Custom board design. Save time and money. I 



1724 Picasso Ave., Suite A 
^^^^ ^ Davis, CA 95618 USA 
IrtXrJ Tel:530-758-0180 • Fax:530-758-0181 



II ■ I ph: 888-670-8729, or 
AVTECH^ +1-613-226-5772 

I — ^1 fax: +1-613-226-2802 

ELECTROSYSTEIVIS info@avtechpulse.eom 

SINCE 1975 www.avtechpulse.com 
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CHART YOUR COURSE 



LOOKIN 



AHEAD 



TO THE 123rd US AES CONVENTION 

The Javits Center in New York hosts 
the 1 23rd US AES (Audio Engineering 
Society) Convention for all things audio 
from Oct 5 through 8. Technical sessions 
span the range from studies in human 
perception of sound to the use of psy- 
choacoustic modeling in digital-signal 
processing to the application of multi- 
core processors. One session covers the 
problems of audio reproduction in auto- 
mobiles, where lots of people listen to 
music. The keynote address is a mystery 
story: a review of the music of composer 
Ludwig van Beethoven, his deafness, and 
the slowly accumulating medical under- 
standing that still falls short of explaining 
either his condition or his ability to work 
despite it. 




AT A MICROCONTROLLER OF THE 1950s 

Ramo-Wooldridge Corp has designed a fully tran- 
sistorized digital-control computer to provide auto- 
matic control for manufacturing processes. The 
55x29x36-in. unit automatically reads process 
instruments, performs necessary computations to 
relate readings to process objectives, determines 
appropriate actions, and activates process mecha- 
nisms. The RW-300 computer uses a 3600-rpm 
magnetic-drum memory with a storage capacity of 
almost 8000 words, allowing storage for several pro- 
grams simultaneously 

—Electrical Design News, 
September 1957 
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AT THE IMPORTANCE OF SCO ARCHITECTURE 

As the cost of design and manufacturing at new process nodes 
continues to increase, there is increasing value in looking outside 
the box for a new approach to SOC (system-on-chip) architecture. 
Even though the cost of design is still going down on a per-func- 
tion basis, most start-ups and many moderate-sized companies 
can no longer fund a design of any size at 65 nm. A clever archi- 
tecture that reduces both the size and the required speed of the 
hardware can pay huge dividends by making the design fea- 
sible in a more mature process, making a chip design a viable 
alternative to knuckling under and using someone else's 
standard-product IC. 
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"Tiny 



R8C/Tiny Brings 1 6-bit Performance 
to 8-bit Applications 

High-performance: 40MHz on-chip oscillator and single-cycle flash memory access 



HOT Products R8C/25 



Renesas Technology 

No. 1 * supplier of microcontrollers in the world 

introduces the R8C/Tiny Series of microcontrollers. Its powerful 16-bit 
CPU core running at 20MHz provides the performance never imagined in 
8-bit MCUs. R8C/Tiny MCUs high level of integration and peripheral set 
will enhance your application's functionality while reducing the overall 
system cost. 



R8C/Tiiiy Product Roadmap 



Expanded 

Communication 

Interfaces 



Smaller 


Motor 


Flash, 


Timers, 


Comparators 


LIN, CAN 



48KB-96KB 



Expanded 
Lineup, 

Built-in D/AiV 



R8C/2C,2D 



R8C/2A,2B 



16KB -64KB 



32KB, 48KB 



8KB-16KB 



R8C/24,25 



R8C/22,23 



R8C/20,21 




8KB-16KB 4KB-1 









R8C/TinyCPU 


Program Flash 

(16KB -64KB) 


RAM 

(1KB - 3KB) 




Oscillation Circuit 
Main Clock 

(20MHz Max.) 


Data Flash 

(2KB) 


Power-On Reset 
Circuit 




On-chip Oscillators 

(40MHz, 125KHz) 


Low Voltage 
Detect Circuit 


Protect Register 




Oscillation Circuit 
Sub Clock 

(32KHZ Clock) 


Enhanced WDT 


16-bit motor 
control Timer (2) 




RTC 


External Oscillation 
Stop Detection 


8-bit Timer (3) 




Serial I/O 
Clock Sync./ UART 

(2ch) 


SSU/I2G 


A-D Converter 

(1 0-bit x12ch) 




44 GPIO 


Hardware LIN 


On-Chip Debug 


1 









Package: 52pin LQFP (10mm x 10mm, 0.65mm pitch) 



Top Reasons To Select R8C/Tiny 

• High-Performance 

- 16-bit CPU runs at 20MHz, executing instructions in as 
fast as 50nsec. 

• Scalable 

- Same core, same peripherals allows easy portability 
from 20 to SOpins 

• High-Integration 

- Includes 40MHz on-chip oscillator, data flash, power-on 
reset circuits, several 8- and 16-bit timers, up to 20 
channels of /VD, D/A, LIN, CAN and more 

• Reliable 

- Oscillator stop detection circuits, access control of 
system registers 

- Watchdog timer with on-chip oscillator, programmable 
low-voltage detect circuit 

• World-class Development Environment 

- Complete software and hardware tools for short 
development cycle 

- Free 64KB software tool chain 



*Source:Gartner Dataquest (April 2006) "2005 Worldwide Microcontroller Vendor Revenue" GJ06333 
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Get Started Today - 

Go online and register to be eligible for a FREE Starter Kit 

www.america.renesas.eom/ReachR8C/a 



RenesasTechnology Corp. 




Visit us at ESC Boston! 

Booth ^1209 
^ ^ Embedded 

Syshems CONFERENCE 
I53a=l!l4l!l^ 



Everywhere you imagine. hVI^^ |\| 



Capture the Power of ARM9 in 
Flash STR9 Microcontrollers. 

Ethernet, USB, CAN, DSP Plus Embedded Control... No Problem 



Innovative products for multi-segment application systems 



IjTAG and ETM Deb ug 



ARM966®CPU@ 96MHz 
With DSP Instructions 



Ethernet MAC 
With DMA 



j USE 



USB 2.0 FS Device 
With DMA 




CAN 2.0B 



3 Ph AC Motor Control 
With Dead Timer ^ 



It's All Inside: STR9 MCUs minimize the need for external components and add 
innovative features on the inside such as a IpA real-time clock and a full-function 
system supervisor. Rapid Transit: 96MHz operation, optimized internal data and 
instruction paths, and 9 DMA channels ensure data moves where you want it, 
when you want it. No Crowded Spaces: Up to 96KB of SRAM and 544KB of 
Flash memory accommodate complex applications, TCP/IP, real-time operating 
systems and multinational products. 



World's first ARM9-based 
general-purpose Flash 
microcontroller enables new 
generation of networked 
embedded applications 



i"r » f /i>-.r.i n t pi 




Part 
Number 



Flash 
Memory 
(KB) 



STR910FM32X 
STR910FW32X 
STR911FM42X 
STR911FM44X 
STR912FW42X 
STR912FW44X 



256 + 32 
256 + 32 
256 + 32 
512 + 32 
256 + 32 
512 + 32 



RAM A/D 
(KB) Inputs 



Timer Functions 



64 
64 
96 
96 
96 
96 



8xl0-bir 

8xl0-bit 

8xl0-bit 

BxlO-bit 

BxlO-bit 

BxlO-bit 



Serial 
Other Interface 



GPIO 

(HI Package Supply special Features 
Current) Voltage 



7xl6-bit 
(8,8,7) 



RTC 
WDG 



2xSPI 
2xl^C 
3xUART 
w/IrDA 



Wo (16) 
BO (16) 
40 (16) 
40 (16) 
BO (16) 
80 (16) 



LQFP80 

LQFP12B 

LQFPBO 

LQFPBO 

LQFP12B 

LQFP12B 



Core: 
l.BV 
I/O: 2.7 
to 3.6V 



CAN 

CAN, E|V|I 

USB, CAN 

USB, CAN 
Ethernet, USB, CAN, EMI 
Ethernet, USB, CAN, EMI 



For furtlier information, dataslieets, and 
application notes, visit WWW.St.C0m/str9 



Order free samples online at: 

www.st.com 



Solutions 



DEVICE AVAILABLE FROM THESE DISTRIBUTORS: ARROW • AVNET • DIGI-KEY • FUTURE • MOUSER • Newark InOne • NU-HORIZONS 



